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ABSTRACT
The S t a i r w a y  S a n d s to n e  i s  a n  O r d o v i c i a n  f o r m a t i o n  o f t h e  Amadeus 
B a s i n  o f  C e n t r a l  A u s t r a l i a .  I t  c a n  b e  d i v i d e d  i n t o  a  l o w e r  u n i t  o f  
c o a r s e  g r a i n e d  s u p e r - m a t u r e  o r t h o q u a r t z i t e s ;  a  m id d le  u n i t  o f  s i l t s t o n e s  
c l a y s t o n e s  ( m a i n l y  i l l i t e )  and p h o s p h o r i t e s ,  g r a d i n g  i n t o  c a r b o n a t e s  t h e n  
" r e d - b e d s ” t o  t h e  s o u t h - e a s t ;  and an u p p e r  u n i t  m a in ly  o f  f i n e  g r a i n e d  
m a t u r e  o r t h o q u a r t z i t e s .  The h e a v y  m i n e r a l  a s s e m b l a g e  o f  t h e  f o r m a t i o n  
i s  one  t y p i c a l l y  a s s o c i a t e d  w i t h  o r t h o q u a r t z i t e s  -  a lm o s t  e x c l u s i v e l y  
w e l l  r o u n d e d  t o u r m a l i n e s  and z i r c o n s .
D e t a i l e d  t e x t u r a l  a n a l y s e s  o f  t h e  a r e n i t e s  g av e  v a l u e s  f o r  t h e  
mean an d  m ed ian  d i a m e t e r s ,  s t a n d a r d  d e v i a t i o n ,  s k e w n e ss  and  k u r t o s i s  
w h ich  s u g g e s t  t h a t  t h e  c o a r s e  s a n d s  w e re  d e p o s i t e d  i n  a  b e a c h  o r  s h a l l o w  
w a t e r  m a r in e  e n v i ro n m e n t  a n d  t h e  f i n e  s a n d s  i n  a  s h a l l o w  m a r in e  s h e l f  
o r  la g o o n a l .  e n v i r o n m e n t .
The i s o p a c h o u s  maps show t h e  Amadeus B a s i n  t o  b e  a  b a s i n  w i t h  
a n  e r o d e d  n o r t h e r n  m a rg in  o f  d e p o s i t i o n ,  f o r  t h e  t h i c k e s t  p a r t  o f  t h e  
S t a i r w a y  S a n d s to n e  i s  a b r u p t l y  c u t  o f f  i n  t h e  v i c i n i t y  o f  t h e  
M a c d o n n e l l  R a n g e s .  L i t h o f a c i e s  s t u d i e s  s u g g e s t  t h a t  t h e  b a s i n  h a d  a  
n o r t h - w e s t  t o  s o u t h - e a s t  t r e n d i n g  a x i s .  C r o s s - b e d d i n g  s t u d i e s  i n d i c a t e  
t h e  p a l a e o c u r r e n t s  f lo w e d  f ro m  t h e  s o u t h - e a s t ,  p a r a l l e l  t o  t h e  a x i s ,  
e x c e p t  i n  t h e  m id d le  S t a i r w a y  w here  t h e  c u r r e n t s  a s su m ed  a  more 
n o r t h - e a s t e r l y  t r e n d .  O t h e r  c r o s s - b e d d i n g  s t u d i e s  s u g g e s t  th e  p r e s e n c e  
o f  h i g h  e n e r g y  z o n e s  a t  r i g h t  a n g l e s  t o  t h e  m a in  p a l a e o c u r r e n t  d i r e c t i o n .
The p h y s i c o - c h e m i c a l  c o n d i t i o n s  d u r i n g  S t a i r w a y  S a n d s to n e  t i m e s  
a r e  p o s t u l a t e d  f ro m  t h e  m i n e r a l o g y ,  t e x t u r e s  and  s e d i m e n t a r y  s t r u c t u r e s  
o f  t h e  s e d i m e n t s .  T h e se  s u g g e s t  a  lo w  a v e r a g e  r a t e  o f  s e d i m e n t a t i o n  
( i n  t h e  o r d e r  o f  0 . 1  mm. p e r  an n u m ),  f a i r l y  u n i f o r m  c o n d i t i o n s  In  t h e
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lo w er and u p p er S ta irw ay , c u r r e n t  v e l o c i t i e s  w ith  a ran g e  of from  1 to  
30 c m s . / s e c . ,  f a i r l y  warm c o n d i t io n s ,  norm al s a l i n i t i e s  (ex cep t in  th e  
Mount C h a r lo t te  embayment), pH v a lu e s  o f  from abou t 7 .0  to  8 .0  and Eh 
v a lu e s  o f about - 0 ,2  (red u c in g  c o n d i t io n s ) .
The environm ent of d e p o s i t io n  o f -the S ta irw ay  Sandstone i s  
d e l in e a te d  by means o f th e  d e ta i le d  g ra p h ic  lo g . I t  i s  p o s s ib le  to  
e s t a b l i s h  t h a t  th e  o v e ra l l  S ta irw ay  S an d sto n e  sequence i s  r e g r e s s iv e -  
t r a n s g r e s s iv e ,  From th e  b a s ic  s e d im e n ta tio n  u n i t s  i t  i s  p o s s ib le  to  
re c o g n is e  s ix  com posite s e d im e n ta tio n  u n i t s  (A, B, C, D, E ,F ) which 
to g e th e r  make up a compound se d im e n ta tio n  u n i t  which can b e r e l a t e d  to  
a s e d im e n to lo g ic a l m odel. I t  i s  found th a t  two modem environm ents -  
th e  b a r r ie r - l a g o o n  environm ent and th e  i n t e r t i d a l  f l a t  environm ent 
and a  more h y p o th e tic a l  env ironm ent -  th e  e p e i r i c  s e a  -  a r e  co m p atib le  
w ith  th e  compound se d im e n ta tio n  u n i t .
The p h o sp h o r ite s  o f th e  fo rm a tio n  a re  c o n s id e re d  in  some d e t a i l  
and te n  ty p es  o f  p h o sp h a tic  m a te r ia l  a,£e re c o g n iz e d , some of w hich  a re  
though t t o  be p rim aiy  p r e c i p i t a t e s  w h ils t  o th e r s  have re p la c e d  
c a rb o n a te s  e t c .  The main c o n c e n tra tio n  of p h o sp h o r ite s  ap p ea rs  t o  have 
tak en  p la c e  d u r in g  winnowing. I t  i s  though t t h a t  u p w e llin g  c u r re n ts  
w ere p ro b ab ly  th e  main sou rce  o f th e  p h o s p h o r ite s .  The id e a  o f  u p w e llin g  
c u r r e n ts  i s  com patib le  w ith  a p a laeo g eo g rap h ic  p ic tu r e ^ o f  th e  O rd o v ic ian  
Amadeus B asin  s i tu a te d  w ith in  th e  t o r r i d  zone, and p ro b a b ly  w ith in  a 
d e s e r t  b e l t .  The c o n n e c tio n  to  t h e  open sea  was to  t h e  w e s t .  Sedim ents 
were d e r iv e d  m ain ly  from  d i s t a n t  p lu to n ic  and sed im en ta ry  so u rces  lo c a te d  
to  th e  so u th  in  th e  more t r o p i c a l  c l im a t ic  zo ne .
There a re  s e v e ra l  econom ic im p lic a t io n s  of th e  s e d im e n to lo g ic a l 
s tu d y . V arious p o te n t i a l  m in e ra lo g ie s !  m arker h o riz o n s  a re  su g g e s te d
-  3 -
f o r  d e ta i le d  s t r a t i g r a p h ic  c o r r e l a t i o n .  The fo rm a tio n  i s  co n s id e re d  to  he 
an e x c e l le n t  p e tro leu m  o r  n a tu r a l  gas p ro sp e c t and i t  i s  p o s s ib le  to  
i n d i c a te  a re a s  where th e  b e s t  p ro s p e c ts  of s t r a t i g r a p h i c  t r a p s  a re  
b e l ie v e d  to  l i e .  F in a l ly ,  i t  i s  su g g es ted  th a t  i n  o rd e r  to  f in d  econom ic 
p h osphate  d e p o s i t s  i t  i s  n e c e s sa ry  t o  f in d  zones w here winnowing o ccu rred  
-  p o s s ib ly  th e  so u th e rn  m arg in  o f  th e  b a s in .  A l te r n a t iv e ly  r ic h  p rim ary  
p h o sp h o r ite s  u n d ilu te d  by te r r ig e n o u s  sed im en ts  may be found to  t h e  n o r th ­
w est o f  th e  b a s in .
- 4-
CHAPTER 1 
INTRODUCTION
G eneral
T his s e d im e n to lo g ic a l s tu d y  i s  th e  p ro d u c t o f  two y e a rs  work 
r e s u l t i n g  p a r t l y  from th e  a u th o r ’ s in v e s t ig a t io n s  i n  h is  c a p a c ity  
as a g e o lo g is t  o f th e  Bureau o f  M in era l R eso u rces , G eology and 
G eophysics , C anberra , and p a r t l y  from  in d ep en d en t in v e s t ig a t io n s  
c a r r ie d  out a t  th e  A u s tra l ia n  N a tio n a l U n iv e r s i ty  u n d e r th e  
s u p e rv is io n  o f  Dr.K .A .W .Crook.
The a u th o r  has been in v o lv ed  i n  t h e  s tu d y  o f t h e  geology o f 
th e  so u th e rn  p a r t  o f  th e  N orthern  T e r r i  to  zy s in c e  1961, and o f th e  
S ta irw ay  S andstone  in  p a r t i c u l a r  s in c e  1963. A t o t a l  o f th r e e  f i e l d  
se a so n s , each o f ap p ro x im ate ly  f i v e  months d u r a t io n ,  to g e th e r  w ith  
la b o ra to ry  in v e s t ig a t io n s  f o r  a t o t a l  p e r io d  o f  ab o u t 8 m onths, have 
g iv en  ample o p p o r tu n ity  to  study  th e  S ta irw ay  S andstone i n  d e t a i l .
These s tu d ie s  have in c lu d e d  th e  c o m p ila tio n  and u se  o f  th e  g ra p h ic  
lo g ,  t h in  s e c t io n  s tu d ie s  (both t e x tu r a l  and m in e ra lo g L c a l) ,  d e ta i le d  
heavy m in e ra l s tu d ie s ,  th e  m easurem ent of d e ta i le d  s t r a t i g r a p h ic  
s e c t io n s ,  and c ro ssb ed d in g  s tu d ie s .  A ll th e s e  s tu d ie s  have been  used  
to  b u i ld  up an in t e g r a te d  p ic tu r e  of th e  p ro v en an ce , env ironm ents of 
d e p o s it io n  and th e  palaeogeog raphy  of th e  S ta irw ay  S an d sto n e . In  
a d d i t io n ,  th e  o r ig in  of p e l l e t a l  p h o s p h o r ite s  h as  been in v e s t ig a te d  in  
some d e t a i l  because  o f i t s  economic s ig n i f i c a n c e .
In v e s t ig a t io n s  were c a r r ie d  ou t on b o th  s u r fa c e  and s u b -su r fa c e  
sam ples. S u rface  sam ples a r e  r e f e r r e d  to  by a p r e f ix  r e l a t e d  t o  th e  
name o f  th e  1 j250,000 s h e e t  a re a  from  which they  w ere c o l le c te d  -  
specim en LA 188 was c o l le c te d  from the Lake Amadeus S heet a re a  (see
FIG. I
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f i g . l ) .  S u b -su rfa c e  c o re  sam ples w ere o b ta in e d  from  fo u r  diamond d r i l l  
h o le s  API, AP2, AP3 and AP4 (se e  f i g . l ) .  They a r e  numbered by u s in g  
th e  d r i l l  h o le  number as  a  p r e f ix .  The second s e t  o f numbers i s  th e  
number of th e  s e d im e n ta tio n  u n i t  ( s e e  C hap ter 7) and th e  t h i r d  s e t  
o f numbers i s  th e  d is ta n c e  i n  in c h e s  from  th e  to p  o f  th e  s e d im e n ta t io n  
u n i t .  H ence, specim en A P l/7 6 2 /l3  i s  a  sam ple c o l le c te d  from  a  p o in t 
13 in c h es  below  th e  to p  o f  s e d im e n ta tio n  u n i t  762 i n  th e  API c o re .
The Amadeus B asin
The S ta irw a y  S andstone i s  one o f  th e  ro c k  u n i t s  of th e  Amadeus B a s in , 
a la rg e  sed im en ta ry  b a s in  i n  c e n t r a l  A u s t r a l i a ,  s t r e t c h in g  from  abou t 
lo n g itu d e  128°E in  W estern A u s t r a l i a ,  e a s t  to  abou t lo n g i tu d e  135°E i n  
th e  N orthern  T e r r i to r y  and from A lic e  S p rin g s  i n  ihe n o r th  to  n e a r  th e  
South A u s t r a l ia n  b o rd e r  i n  th e  so u th  ( F i g . l ) .  The b a s in  i s  ap p ro x im a te ly  
500 m ile s  long  and 170 m ile s  wide and co v e rs  an  a r e a  o f about 60,000 
sq u are  m ile s .
The sed im en ts  of t h e  Amadeus B a s in  ra n g e  i n  age from A dela id ean  
(upper P ro te ro z o ic )  to  Upper P a la e o z o ic  and a re  m ain ly  o f th e  
m io g eo sy n c lin a l ty p e .  They have a  t o t a l  -thickness o f  a p p ro x im a te ly  
30 ,000  f e e t .  These sed im en ts  have been  f u l l y  d e s c r ib e d  by W ells ,
Forman and H anford, (1 9 6 5 (a ) , ( b ) ) j  W ells , S te w a rt and Skwarko, (1 966 ); 
H anford, Cook and W e lls , (1 9 6 6 ); and W e lls , R anfo rd , S te w a r t ,  Cook and 
Shaw, (1966) . S ed im en ta tio n  was in t e r r u p te d  by two m a jo r o ro g e n ie s , t h e  
Peterm ann Ranges Orogeny o f  L a te  P ro te ro z o ic  to  E a r ly  Cambrian age 
(Forman, 1966) and th e  A lic e  S p rin g s  Orogeny of L a te  P a la e o z o ic  age 
(Forman, M ill ig a n  and M cCarthy, 1 9 6 6 ). The Lower P a la e o z o ic  o f th e  
Amadeus B asin  i s  d iv id e d  in to  th e  P e r t a o o r r t a  Group, th e  L a ra p in ta  
Group (C am bro-O rdovic ian) and th e  M ereenie  Sandstone ( ? 0 rd o v ic ia n ) .
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The L a ra p in ta  Group i s  made up of fo u r  form ations;«*
S tokes F orm ation Upper O rd o v ic ian
S ta irw ay  S andstone M iddle O rd o v ic ian
Horn V a lley  S i I t s to n e Lower O rd o v ic ian
P aco o ta  Sandstone Upper Cambrian to  Lower
Ordovi d a n
These fo u r  fo rm a tio n s  a re  m arine sed im en ts  p ro b ab ly  d epos i t  e i 
u n d er f a i r l y  sha llow  c o n d i t io n s ,  and a re  d e s c r ib e d  by Cook, (1966). 
P re v io u s  I n v e s t ig a t io n s  of th e  S ta irw ay  Sandstone
The L a ra p in ta  Group was f i r s t  d e f in e d  by th e  Horn E x p ed itio n  o f  
1892 (T ate  and W att, 1 8 9 6 ), and was o r ig i n a l l y  c a l le d  th e  L a ra p in tin e  
S e r ie s .  Chewings (1935 ), was th e  f i r s t  to  u se  th e  name "S ta irw ay "  
and he r e f e r s  in fo rm a lly  to  th e  u n i t  a s  th e  S ta irw ay  Ridge Beds o r t h e  
S ta irw ay  Q u a r tz i te .  The fo rm a tio n  was fo rm a lly  named th e  S ta irw ay  
Greywacke by P r ic h a rd  and Q uin lan  (1 9 6 2 ), and d e f in e d  as  b e in g  "The 
fo rm a tio n  of q u a r tz  greyw acke and q u a r tz  san d sto n e  which a t  E l le ry  Creek 
conform ably o v e r l i e s  th e  Horn V alley  F o rm ation  and i s  th e re  fo llow ed  
unconfo im ably  by t h e  M ereenie S an d sto n e . I t  c o n s is ts  o f 60 p e rc e n t 
of f in e  g ra in e d  and medium g ra in e d  q u a r tz  greyw acke, u s u a l ly  r a th e r  
s i l t y ,  and ab o u t 40 p e rc e n t of c le a n e r  q u a r tz  s a n d s to n e " .
W ells , Forman and R an fo rd , (1962) renamed th e  fo rm atio n  th e  S ta irw ay  
S and sto n e . The S tairw ay  Sandstone h as  been d e s c r ib e d  from  v a rio u s  a re a s  
of th e  Amadeus B asin  by W e lls , Forman and R anford (1962); W e lls , R anford 
and Cook (196 3 ); R anford and Cook (1 9 6 4 ); W ells , S tew art and Skwarko, 
(1964); and W ells , R anfo rd , S te w a rt, Cook and Shaw (1965). I t  has 
been r e f e r r e d  to  b r i e f l y  by S te lc k  and H opkins, (1962 ); R arm eft, (1963) 
and H a lte s ,  (1963.) . I t  i s  a l s o  d e sc r ib e d  i n  v a r io u s  u n p u b lish e d  company
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r e p o r ts  -  G i l l e s p ie ,  (1 9 5 9 ); T a y lo r ,  ( l9 5 9 ) | W eegar, (1959 ); L e s l i e ,  
( i9 6 0 ) ; H opkins, ^1962); McNaugfrton, (1 9 6 2 ); and H a l te s ,  (1963),.
Cook, (1 9 6 3 ), re c o rd e d  th e  p re se n c e  o f p h o s p h o r ite s  i n  th e  S ta irw ay  
S an d sto n e . Crook, (1964) , a lso  d is c u s s e d  th e  p h o s p h o r ite s ,  and B a r r ie ,  
(1 9 6 4 ), gave th e  p re lim in a ry  r e s u l t s  o f a  d r i l l i n g  programme in  t h e  
S ta irw ay  S an d sto n e .
G eneral S t r a t ig r a p h y  o f  th e  S ta irw ay  Sandstone
The S ta irw ay  S andstone crops out s p o r a d ic a l ly  th ro u g h o u t much 
of th e  Amadeus B asin  ( F ig .2 ) .  A lthough i t  h as  an  o u tc ro p  a r e a  of 
on ly  600 sq u a re  m ile s  o r p o s s ib ly  ev en  l e s s ,  i t  i s  e s tim a te d  to  
u n d e r l ie  an a re a  o f  a t  l e a s t  20 ,000  sq u a re  m ile s .
The p a la e o g e o lo g ic  map ( F ig .3 ) shows t h a t  i n  th e  n o r th e rn  h a l f  o f  
th e  Amadeus B asin  th e  S ta irw ay  S andstone r e s t  conform ably  on th e  Horn 
V alley  S i l t s t o n e .  To t h e  so u th  i t  d isco n fo rm ab ly  o v e r l i e s  th e  Cambrian 
P e r ta o o r r t a  Group a n d  unconform ably  o v e r l i e s  Upper P ro te ro z o ic  
sed im en ta ry  ro c k s . F u r th e r  so u th  and w est ( e .g .  Peterm ann R ange), th e  
S ta irw ay  S andstone r e s t s  unconform ably  on igneous and m etam orphic rocks 
o f  th e  M usgrave B lock . I n  most a re a s  th e  S ta irw a y  S andstone i s  
conform ably  o v e r la in  by th e  S tokes F orm ation  b u t i n  th e  e a s te r n  p a r t  
o f the b a s in  i t  i s  o v e r la in  unconfo rm ab ly  by th e  M ereenie S andstone 
( F ig .3 ) .
The S ta irw ay  Sandstone ra n g e s  i n  th ic k n e s s  from  1840 f e e t  i n  
th e  I d i r r i k i  Range to  100 f e e t  o r  l e s s  on th e  so u th e rn  m argain  of 
b a s in .  The iso p ach o u s map ( F i g . 12) c l e a r ly  d em o n stra te s  t h a t  th e  
p re s e n t  l i m i t s  of th e  Amadeus B asin  a r e  m arked ly  d i f f e r e n t  from  
th e  o r ig in a l  l i m i t s  of d e p o s i t io n  o f  th e  S ta irw ay  S an d s to n e . At 
th e  maximum developm ent o f  th e  S ta irw ay  S andstone se a s  th e  m argins
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s t r e tc h e d  w e ll  beyond th e  p r e s e n t  l i m i t s  o f th e  b a s in .
The S ta irw ay  S andstone i s  M iddle O rd o v ic ian  in  a g e  w ith  an 
e s tim a te d  ra n g e  o f p o s s ib le  up p er L la n v irn ia n  to  L la n d e i l ia n  
( j .G .T o m lin so n , p e r s . comm.) -  e q u iv a le n t to  a n  i n t e r v a l  o f  abou t 
20 m i l l io n  y e a r s .  Tom linson (append ix  in  W ells , F anfo rd  and Cook,
1963) re c o rd s  a  number of f o s s i l s  from  the  S ta irw ay  S an d sto n e , 
in c lu d in g  t r i l o b i t e s ,  b ra c h ip p o d s , p e ley cy p o d s , g a s tro p o d s , n a u t i l o i d s ,  
v a r io u s  t r a c e  f o s s i l s  and sponge s p ic u le s .  Some of th e  m a c ro fo s s i ls  
a re  n o ta b le  f o r  th e  s i z e  th e y  a t t a i n ;  th e  a u th o r  found  a  t r i l o b i t e  i n  
th e  Johnny Creek a r e a  w ith  a  pygidium  more th a n  1 fo o t a c r o s s .  S e v e ra l 
specim ens o f n a u t i lo id s  s e v e ra l  f e e t  i n  le n g th  have a l s o  b e e n  found i n  
th e  n o r th e rn  p a r t  of th e  Amadeus B a s in . Jo n es  (pers .com m .) h as  found 
a number of s p e c ie s  o f m ic r o f o s s i l s  a t  v a r io u s  i n t e r v a l s  w i th in  th e  
fo rm a tio n . In  s p i t e  o f  t h i s  w e a lth  o f  p a la e o n to lo g ic a l  m a te r ia l  i t  has 
so  f a r  proved  p o s s ib le  to  e r e c t  o n ly  one t im e - l in e  w ith in  th e  fo rm a tio n . 
This d iv id e s  th e  fo rm a tio n  in to  what Tomlinson ( p e r s . comm. ) r e f e r s  to  as 
th e  E a rly  L a ra p in ta n  ( e q u iv a le n t  t o  th e  upper p a r t  o f  t h e  P aco o ta  
S an d sto n e , th e  Horn V a lle y  S i l t s t o n e  and th e  low er and m id d le  p a r t s  o f  
th e  S ta irw ay  S andstone) and the L a te  L a ra p in ta n  (e q u iv a le n t t o  t h e  up p er 
p a r t  o f th e  S ta irw ay  S a n d s to n e , th e  S tokes F o im a tio n  and th e  lo w er p a r t  
of th e  M ereenie  S a n d s to n e ) . The S ta irw ay  S andstone i s  th e r e f o r e  a  ro c k  
u n i t  and n o t a  t im e -ro c k  u n i t .
The S ta irw ay  S andstone  has  been  d iv id e d  on  l i t h o l o g i c a l  grounds 
i n t o  low er m iddle and u p p er u n i t s  which ex tend  over much o f  th e  b a s in .  
P ig .4 shows 31 r e p r e s e n ta t iv e  s t r a t i g r a p h i c  columns a c ro s s  th e  b a s in  
and c o r r e l a t i o n  l i n e s  have been drawn f o r  th e  th r e e  rock  u n i t s .  Such 
a  c o r r e l a t i o n  d iag ram  i s  s u b je c t  to  s e v e re  l i m i t a t i o n s  when th e r e  i s
----- ! | £ -
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no f o s s i l  c o n t r o l ,  and  i t  i s  f u l l y  r e a l iz e d  t h a t  l a t e r  f o s s i l  e v id e n c e  
may co m p le te ly  in v a l id a t e  many o f th e  c o r r e l a t i o n s .  However, t h e  
th r e e  u n i t s  a re  r e c o g n is a b le  i n  m ost a re a s  as mappable u n i t s .  The 
th r e e  u n i t s  sh o u ld  s t r i c t l y  be r e f e r r e d  to  as  f o r  in s ta n c e  "The 
lo w er u n i t  of th e  S ta irw ay  S an d sto n e"  -  how ever, from h e re  on th e  
u n i t s  a re  in fo rm a lly  r e f e r r e d  to  as th e  low er S ta irw a y , th e  m idd le  
S ta irw ay  and th e  up p er S ta irw a y .
The low er S ta irw ay  i s  th e  most u n ifo im  o f  th e  th r e e  u n i t s ,  b o th  
i n  l i th o lo g y  and th ic k n e s s .  The th ic k n e s s  ran g es  from  ab o u t 80 f e e t  
in  the  so u th  ( th e  Mount C h a r lo t te  a re a )  t o  abou t 200 f e e t  i n  t h e  n o r th  
( th e  I d i r r i k i  Range a r e a ) .  The u n i t  i s  p red o m in an tly  a  w h ite  o r  g rey , 
f i n e  to  very  c o a rs e  g ra in e d  s a n d s to n e . I t  i s  w e ll  rounded and s o r te d ,  
p ebb ly  i n  p la c e s ,  th i n  t o  m a ss iv e ly  bedded , r i p p l e  marked and c ro s s -  
bedded ( f i g . 4 l ) .  The b a s a l  san d sto n e  i s  rem ark ab le  f o r  th e  p re se n c e  
of up to  20°fo o f p y r i t e  o o l i th s  i n  p la c e s  ( g e n e ra l ly  w ea th e red  o u t,  o r  
in  th e  form  of l i m o n i t e ) . The low er S ta irw ay  S andstone c o n ta in s  a  
g re a t  v a r i e ty  o f  bedd ing  p la n e  m arkings ( f i g . 4 2 ) , t r a c k s  and t r a i l s  
(many of which a r e  o f an  in d e te rm in a te  n a tu re )  and one of th e  
san d s to n es  has  a  v e ry  c h a r a c t e r i s t i c  t e x tu r e  r e f e r r e d  to  by R an fo rd , 
Cook and W ells (1966) as  a " ropey  te x tu r e "  ( f i g . 40 , a p p e n d ix ) . The 
lo w er u n i t  i s  f r e q u e n t ly  s t r o n g ly  s i l i c i f e d j  i t  i s  w e ll expowed and 
commonly fo rm s v e ry  p ro m in en t escarp m en ts  ( f i g . 39 , a p p e n d ix ) .
The m iddle S ta irw ay  ra n g e s  i n  th ic k n e s s  from l e s s  than  100 f e e t  
in  th e  sou th  t o  about 700 f e e t  i n  th e  n o r th .  I t  i s  l i t h o l o g i c a l l y  
th e  most v a r ie d  o f  th e  th r e e  d iv i s i o n s .  I t  i s  p re d o m in a n tly  a 
lu ta c e o u s  i n t e r v a l ,  w ith  s i l t s t o n e s ,  m udstones, and c la y s to n e s  which 
a re  grey and g re e n  a t  th e  s u r fa c e  b u t  b la c k  s u b - s u r f a c e .  The
10 »
l u t i t e s  a r e  sandy and m icaceous in  p la c e s ,  la m in a te d , e a s i l y  w eathered  
and v e iy  p o o r ly  exposed . They a r e  in te rb e d d e d  w ith  t h i n ,  v e ry  f in e  
g ra in e d , grey  and w h ite  s a n d s to n e s , and g re y , brown or b la c k  p e l l e t a l  
and n o d u la r  p h o s p h o r ite s .  In  a re a s  to  the  s o u th - e a s t  (Seymour Range) 
t h i n  y e llo w , or brown (g rey  o r  w h ite  a t  dep th ) d o lo m ite s  and lim e s to n e s  
a r e  f a i r l y  common. F u r th e r  to  th e  s o u th -e a s t  re d  and red -b row n  p o o r ly  
s o r te d  sa n d s to n e s  and l u t i t e s  a re  ex trem ely  common; i n  th e  Mount 
C h a r lo t te  a re a  th e se  " re d -b e d s ” make up th e  whole o f t h e  m iddle S ta irw ay  
S andstone ( f i g , 1 6 ) . F o s s i l s  a r e  f a i r l y  common in  th e  m id d le  i n t e r v a l ;  
"chew ing" and "ch u rn in g "  by in fa u n a  i s  p a r t i c u l a r l y  common ( f i g . 43,,a p p e n d ix ) .
The u p p e r S ta irw ay  ran g es  i n  th ic k n e s s  from  l e s s  th a n  100 f e e t  
to  1 ,000  f e e t .  I t  i s  made up p red o m in an tly  o f  w h ite  and g re y ,  v e ry  
f in e  g ra in e d  san d s to n es  w hich a r e  c ro ss-b ed d ed  in  p la c e s  and may 
crop  ou t f a i r l y  p ro m in e n tly  when s i l i c i f i e d .  I n te rb e d s  o f  l u t i t e ,  
though g e n e ra l ly  m inor, may form a f a i r l y  h ig h  p e rc e n ta g e  o f  th e  upper 
d iv i s io n  i n  p la c e s .  The l u t i t e s  a re  green a t  the  s u r f a c e  and b la c k , 
grey  o r g re y -g re e n  a t  d e p th ; they  a re  g e n e r a l ly  v e ry  p o o r ly  exposed. 
In te rb e d s  o f p e l l e t a l  and n o d u la r  p h o sp h o r ite s  a re  p re s e n t  b u t  n o t 
v e ry  common. F o s s i ls  and t r a c e  f o s s i l s  such as  D ip lo c ra te r io n  
( f ig .43 ) and C ruziana a re  v e ry  common.
Summary
The Amadeus B asin  i s  a  l a r g e  Upper P ro te ro z o ic  -  P a la e o z o ic  
b a s in  in  c e n t r a l  A u s t r a l i a ,  The low er P a la e o z o ic  o f  th e  b a s in  i s  
d iv id e d  i n t o  th e  P e r ta o o r r t a  G roup, th e  L a ra p in ta  Group and th e  
M ereenie S an d sto n e . The S ta irw a y  Sandstone i s  one o f th e  members 
of the  L a ra p in ta  Group, and i s  o f m iddle O rdo v ic ian  age. I t  c rops 
out over a la rg e  a re a  o f th e  b a s in  and has a maximum th ic k n e s s  o f
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1840 f e e t .  On l i t h o l o g i c a l  grounds t h e  fo rm a t io n  may b e  d iv id e d  
in t o  th r e e  u n i t s ;  a low er c o a r s e  s a n d s to n e ;a  middle p h o s p h a t ic  
l u t i t e  u n i t  (g ra d in g  l a t e r a l l y  i n t o  c a rb o n a te s  and ”r e d -b e d s " ;  and 
an u p p e r  f in e  sands tone  w ith  m inor s i l t s .
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CHAPTER 2
PETROGRAPHY OF THE STAIRWAY SANDSTONE
There  a r e  f o u r  b a s ic  ro ck  types  p r e s e n t  i n  th e  S ta irw ay  Sandstone 
q u a r t z  a r e n i t e s ,  l u t i t e s ,  p h o s p h o r i te s  and c a rb o n a te s .  T here  i s  some 
o v e r la p  between t h e s e  fo u r  ty p es  ( e .g .  sandy l im e s to n e s ) .  However, 
o n ly  th e  b a s ic  ty p e s  w i l l  be d is c u s s e d  s e p a r a t e l y .  The p h o s p h a t ic  
sed im en ts  a r e  d e a l t  w ith  l a t e r ,  i n  C hap te r  8 . A l l  p e t ro g ra p h ic  
d e te rm in a t io n s  were e s t im a te d  . P e t r o g r a p h ic  d e s c r ip t io n s  of 
a p p ro x im a te ly  200 specim ens a re  summarized i n  T ab le  1 , ( a p p e n d ix ) . 
A r e n i te s
The v a s t  m a jo r i t y  of th e  a r e n i t s  f a l l  i n t o  t h e  o r t h o q u a r t z i t e  c l a s s  
o f  F o lk  ( l 9 6 l )  o r  th e  q u a r tz o s e  a r e n i t e  c l a s s  of Crook ( i 9 6 0 ) .  The 
a r e n i t e s  a r e  f o r  th e  most p a r t  rem arkab le  "pure"  w ith  l i t t l e  or no 
c h e r t ,  f e l d s p a r ,  or ro c k  f rag m e n ts .  A v e ry  few f a l l  i n t o  t h e  sub- 
a rk o s e  f i e l d  of F o lk ,  ( l 9 6 l ) ;  even few er  f a l l  i n t o  th e  f e l d s p a t h i c  
s u b - l a b i l e  a r e n i t e  f i e l d  o f  Crook, ( i9 6 0 ) .
The b a s ic  p h i lo so p h y  behind th e  "metamorphic" p o le  of F o lk  ( l 9 6 l )  
i s  t h a t  t h i s  r e p r e s e n t s  a metamorphic provenance  and im p l ie s  m oderate  
te c to n is m .  On t h i s  b a s i s  t h e r e  i s  some j u s t i f i c a t i o n  f o r  i n c lu d in g  
"com posite"  q u a r tz  i n  t h i s  c l a s s .  S i m i l a r l y ,  the " rock  fragm ent"  o r  
" l a b i l e "  po le  o f  Crook ( i960 )  in c lu d e s  c h e r t  because  of i t s  r e l a t i v e  
i n s t a b i l i t y .  The a u th o r* s  o b s e rv a t io n s  on t h e  q u a r tz  ty p e s  w i th in  
th e  S ta irw ay  Sands tone  sugges t th a t  com posite  q u a r tz  i s  l e s s  s t a b l e  
th a n  o th e r  forms of q u a r t z .  Composite q u a r tz  i s ,  f o r  i n s t a n c e ,  
a p p a re n t ly  more common i n  th e  so u th e rn  p a r t  o f  th e  b a s in  where i t  
i s  n e a r e r  th e  so u rc e  a r e a 5 in  a d d i t i o n ,  i n  many specim ens th e  
d i s t i n c t i o n  betw een a composite g r a in  and a  s t r e t c h e d  m e ta q u a r t z i t e
F ig .  5
QUARTZ TYPES WITHIN THE ORTHOQUARTZITES OF THE STAIRWAY- SAID STONE
R eferen ce
F o ie s  P p o le  -  p lu to n ic  o r common q u a r tz
U p o le  -  u n d u lö se  q u a r tz
C p o le  -  com posite q u a r tz
R e la tiv e  c o n c e n tra t io n  of p o in ts
B lank a re a s  -  no p o in ts  w hatsoever
a -  l e s s  th a n  1 p o in t  p e r  u n i t  a re a
b -  1 to  2 p o in ts  p e r  u n i t  a re a
c -  2 to  4 p o in ts  p e r u n i t  a re a
d -  4 to  8 p o in ts  p e r  u n i t  a r e a
e -  8 to  16 p o in ts  per u n i t  a re a
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g r a in  i s  somewhat a r b i t r a r y .  B l a t t ,  (1963 ,1964),  B l a t t  and 
C h r i s t i e  ( l9 6 3 )  arid Greensm ith (19 6 3 ) ,  have a l s o  n o te d  t h i s  ap p a re n t  
i n s t a b i l i t y  of com posite  q u a r t z .  I f  com posite  g r a in s  were to b e  
in c lu d e d  w ith ro ck  fragm ents  then  10 - 20% of th e  specim ens would 
f a l l  i n t o  t h e  l i t h i c  s u b - l a b i l e  a r e n i t e  f i e l d  of Crook ( i960) o r  
th e  sub-greywacke f i e l d  of F o lk  ( l 9 6 l ) .  A v e ry  sm all number o f  
specimens w ith  o v er  25% com posite  g ra in s  would f a l l  i n t o  l i t h i c  
l a b i l e  a r e n i t e  o r  greywacke f i e l d .  However, d e s p i t e  th e  
advan tages  of t h i s  app roach ,  i t  i s  p roposed  to  avoid  c o n fu s io n  
by fo l lo w in g  th e  acc ep ted  p ro ced u re  and in c lu d in g  com posite  q u a r tz  
g ra in s  w ith  '’norm alM q u a r t z .  Rock ty p e s  a r e  named i n  accordance  
w ith  the  scheme su g g es ted  by F o lk  ( l 9 6 l ) .
a) O r th o q u a r t z i t e  ( O -  5% f e l d s p a r ,  0 - 5 % m etamorphic rock  
f ragm en ts  and 95 -  100^ o f  q u a r tz - e x c lu d in g  m e t a q u a r t z i t e ) .
The m a jo r i ty  o f  th e  StairwaySand s to n e  a r e n i t e s  f a l l  i n t o  t h i s  
c l a s s .  The e s s e n t i a l  m in e ra ls  assem blage i s  ex trem ely  u n ifo rm , 
and f o r  i n s t a n c e  over 50 p e r c e n t  of th e  o r t h o q u a r t z i t e s  c o n ta in  l e s s  
th a n  1°/o f e l d s p a r .  The q u a r tz  i s  m ain ly  "common" ( s t r a i g h t  to  s l i g h t l y  
undu löse  e x t in c t i o n )  o r  "undu löse"  ( s t r o n g ly  undu löse  e x t i n c t i o n ) .  
"Composite" q u a r tz  foims o n ly  a sm a ll  p e r c e n ta g e  o f  th e  t o t a l  q u a r tz  
( s e e  F ig s .  5 and 6 ) .  Chert and m e ta q u a r t z i t e  a re  p r e s e n t  ( F i g . 44) 
but r a r e ,  and no examples of reworked q u a r tz  g r a in s  a r e  known. The 
heavy m in e ra l  assem blage i s  a l s o  un ifo rm , r e p r e s e n t i n g  a t y p i c a l  
superm ature  assem blage of ex trem ely  w e ll  rounded to u rm a l in e  and z i r c o n .
Both th e  lower and u p p e r  S ta irw ay  i n  diamond d r i l l  h o le  API a r e  
composed p redom inan tly  of s i l i c e o u s  m ature o r t h o q u a r t z i t e s . There a r e  
however im p o rtan t  d i f f e r e n c e s  between the  two (see  t a b l e  1 ,  a p p e n d ix ) .
• '  ^
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The low er o r th o q u a r tz i t e s  have a modal g r a in  s i z e  of about 10 to  
20 , and a r e  q u i te  commonly b im o d a l, w ith  a secondary  mode of 30 
to  40. The g r a in s  ( p a r t i c u l a r l y  th e  c o a rse  ones) a re  very  round 
( F ig .45) and g e n e ra lly  w e ll s o r te d .  Where th e  sands a r e  b im o d al, 
th e  in d iv id u a l  modes a re  w e ll s o r te d  ( F ig .4 5 ) . The f e ld s p a r  
c o n te n t i s  ex trem ely  low and out o f 20 specim ens in  th e  low er 
S ta irw ay  o f API on ly  one c o n ta in e d  more th a n  Vfo f e ld s p a r .
Heavy m in e ra ls  a re  very  r a r e  o r  a b s e n t.  Q uartz  cement i s  very  
common i n  many o f th e  a r e n i t e s .  S ix  (ou t o f 20) specim ens have 
s i g n i f i c a n t  q u a n t i t i e s  o f c lay ey  m a tr ix  (s e e  Table 1 , append ix ) 
and s e v e ra l  specim ens have c a rb o n a te  cem en ts . P hosphate  and p y r i t e  
(a s  cement and d i s c r e t e  p a r t i c l e s )  a re  f a i r l y  common. G la u c o n ite  i s  
p re s e n t in  7 ou t of 20 specim ens and form s 10 -  19$> o f  th e  rock  in  
one specim en (A P l/7 5 4 /6 ) .
The u p p er o r th o q u a r tz i t e s  a r e  g e n e ra l ly  u n im o d al, w ith  a g r a in  
s iz e  o f 30 to  40 . The g ra in s  a r e  a n g u la r  to  su b -a n g u la r  and th e  
s o r t in g  m odera te . C hert i s  p re s e n t  in  many o f  th e  sp ec im ens. The 
f e ld s p a r  c o n te n t i s  g e n e ra l ly  i n  th e  ra n g e  2 -  Zf/o; th e  heavy m in e ra l 
c o n te n t i s  in  th e  range  0 -  1%, C lay , c a rb o n a te , p h o sp h a te , p y r i t e  
and g la u c o n ite  a re  e i t h e r  a l l  a b s e n t o r p re s e n t  i n  sm all q u a n t i t i e s  
o n ly .
The o r th o q u a r tz i t e s  o f the p h o sp h a tic  p a r t s  o f the S ta irw ay  
Sandstone ( i . e .  th e  m iddle S ta irw ay  and th e  upperm ost t r a n s i t i o n a l  
S ta irw ay ) a r e  very  f i n e  g ra in e d  sub -m atu re  to  im m ature o r th o q u a r tz i t e s .  
T heir g r a in  s iz e  ran g es  from 10 to  40 and b im o d a lity  i s  f a i r l y  common. 
G rains a re  su b a n g u la r  and s o r t in g  i s  m o dera te . The f e ld s p a r  c o n te n t 
i s  in  th e  ra n g e  1 -  2/£. C lay , c a rb o n a te s  and phosphate  a re  a l l
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common. P y r i t e  i s  c o m p ara t iv e ly  common i n  th e  m iddle  p a r t  o f  t h e  
S ta i rw ay  Sandstone ( l  -  2Jo) and i s  common in  p la c e s  i n  th e  uppermost 
t r a n s i t i o n a l  p a r t  of t h e  S ta i rw ay  S an d s to n e .
The c o n s id e r a b le  m in e ra lo g ic a l  v a r i a t i o n  w i t h i n  th e  o r t h o q u a r t z i t e  
group i s  shown in  F i g , 6. I t  i s  p o s s i b l e  to  d iv id e  th e  S ta irw ay  
S andstone  m in e r a lo g i c a l l y ,  i n t o  much th e  same t h r e e  u n i t s  which have 
been reco g n ise d  i n  th e  f i e l d .
The s i l i c e o u s  cements a r e  a v e ry  common f e a t u r e  o f  th e  S ta i rw ay  
Sandstone o r t h o q u a r t z i t e s ,  and th e  overgrow ths a r e  i n  o p t i c a l  c o n t in u i t y  
w ith  th e  g r a in s .  In  p la c e s  th e y  may be r e p la c in g  c l a y  o r  c a rb o n a te  
cement (a l th o u g h  th e  t h i n  s e c t io n s  were n o t  examined u n d e r  a u n i v e r s a l  
s ta g e  to confirm  t h i s ) ,  b u t  g e n e r a l l y  th e r e  i s  l i t t l e  s ig n  of rep la cem e n t 
and th e  q u a r tz  ap p ea rs  to  b e  pore  f i l l i n g .  The s i l i c e o u s  cement has 
been found to  c o n s id e ra b ly  l i m i t  p o r o s i t i e s  i n  th e  p o t e n t i a l  r e s e r v o i r  
rocks  o f  the  S ta irw aySard  s to n e  and t h e r e f o r e  i t  i s  im p o rtan t  t o  know 
when s i l i c i f i c a t i o n  to o k  p la c e .  C o n s id e ra b le  s i l i c i f i c a t i o n  of many 
of th e  Amadeus B as in  sed im en ts  i s  though t to  have o c c u rre d  d u r in g  th e  
T e r t i a r y  e ra ,  b u t  t h i s  i s  u n l i k e l y  t o  be th e  c a u s e  of th e  S ta irw ay  
Sandstone  s i l i c i f i c a t i o n ,  as t h e  fo im a t io n  i s  found to  be  j u s t  as  
s t r o n g ly  s i l i c i f i e d  a t  d e p th s  of s e v e r a l  th ousand  f e e t  as  i t  i s  a t  th e  
s u r f a c e .  I t  ap p ea rs  t h a t  t h e r e  a r e  se v er a ll i k e l y  causes  o f  the  
s i l i c i f i c a t i o n .  I t  i s  due to  r e g io n a l  s i l i c i f i c a t i o n  du ring  th e  A lice  
S prings  Orogeny, o r  to  sub a e r i a l  exposure  and w e a th e r in g  of th e  
S ta i rw ay  Sandstones s h o r t l y  a f t e r  d e p o s i t i o n  o r  i t  i s  due to  the  
environment o f  d e p o s i t i o n  o r  i t  i s  th e  r e s u l t  of p o s t - d e p o s i t i o n  
s o l u t i o n  p r e s s u r e .
There i s  l i t t l e  ev idence  o f  s u b - a e r i a l  exposure  o f  th e  sands -
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such a  th in g  may indeed  have o ccu rred  h u t th e r e  are no c le a r  
d ia s tem s o r fa u n a l b reak s a s  p ro o f .  The second a l t e r n a t i v e  has 
more to  commend i t .  I t  i s  known th a t  w a te rs  w ith  a h ig h  s i l i c a  
c o n te n t a re  p re s e n t  i n  humid t r o p i c a l  a re a s  (Krumbein and G a r re lI s ,  
1 9 5 2 ), and th e re  i s  ev id en ce  th a t  th e  c lim a te  d u rin g  S ta irw ay  
S andstone tim es  was i n  p a r t  t r o p i c a l .  The m in era lo g y  o f  th e  S ta irw a y  
Sandstone o r th o q u a r tz i t e s  su g g e s ts  t h a t  th e y  may be what K rynine 
( l9 4 l )  c a l l s  ’’f i r s t - c y c l e  o r th o q u a r t z i t e s " .  Such ro c k s  a re  
acknow ledged to  be th e  p ro d u c t o f  in te n s e  chem ical decay and 
d e s t r u c t io n  and th e  c o n d it io n s  p ro d u c in g  t h i s  in te n s e  chem ical 
w e a th e rin g  a l s o  gave e x tre m e ly  h ig h  c o n c e n tra t io n s  of s i l i c a  a l k a l i s  
in  the  s e a -w a te r  to  produce th e  a u th ig e n ic  or e a r ly  d ia g e n ic  
s i l i c i f i c a t i o n .  Such s i l i c i f i c a t i o n  I s  ex trem ely  common i n  many o f  
th e  c l a s s i c  o r th o q u a r tz i t e s  ( e .g .  th e G a te sb u rg  and Potsdam of N orth  
A m erica). However i f  s i l i c i f i c a t i o n  o c c u rre d  i n  re sp o n se  to  th e  
environm ent of d e p o s i t io n  th e n  i t  o c c u rre d  i n  some case s  as a l a t e r  
s ta g e  d ia g e n e s is  f o r  i n  p la c e s  p h o sp h a tic  overgrow ths on q u a r tz  a re  
th em selves overgrown by s i l i c a .
The th i r d  a l t e r n a t i v e  i s  th e  most w idely  a cc ep ted  e x p la n a tio n  
f o r  s i l i c a  c e m e n ta tio n . S o lu tio n  o f q u a r tz  w i l l  ta k e  p la c e  a t  a 
s u f f i c i e n t l y  h ig h  p r e s s u r e ,  so  th a t  th e  s i l i c a  i s  m o b iliz ed  th e n  
l a t e r  re d e p o s ite d  in  some more fa v o u ra b le  p a r t  o f  th e  s a n d s to n e .
Heald (1956) found th a t  th e r e  was no r e l a t i o n s h ip  between f a u l t i n g  
and cem en ta tion  b u t c o n s id e re d  th a t  p r e s s u re  s o lu t io n  o ccu rred  
d u rin g  s t r u c t u r a l  d e fo rm a tio n  o r i f  th e r e  was s u f f i c i e n t  overbu rden .
S iev e r (1959 ,1962) a g re e s  w ith  H e a ld ’s c o n c lu s io n  and f u r th e r  
a s s e r t s  t h a t  i t  i s  im p o ss ib le  f o r  th e  cementing s i l i c a  to  have come
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from sea-water. Heald and Anderegg (i960) found that interstitial 
argillaceous material may considerably inhibit cementation due to 
solution pressure resulting from deformation or overburden. Towe 
(1962) maintains that considerable quantities of silica may be 
dissolved by the action of alkaline solutions obtained from the loss 
of potassium from illite.
A regional analysis of the variation in intergranular porosity 
in the Stairway Sandstone would establish tthe validity or otherwise 
of the post-depositional solution pressure theory. If porosity was 
found to decrease from south to north then this would suggest the 
theory is correct though whether the silicification would be due to 
the Alice Springs Orogeny or the increase of overburden to the north 
cannot be established*
Conclusions:
The lack of recognisable reworked grains or chert suggests that 
the lower Stairway orthoquartzites have a granitic provenance 
(Folk, 1961). However, the abundance of ’'common” (non-undulatory) 
quartz is considered by Blatt and Christie (1963) to be strong evidence 
of reworking of grains from a sedimentary source area. Up t o IQf/o 
chert in some of the upper orthoquartzites indicates that the provenance 
for the upper Stairway was definitely mixed - both granitic and 
sedimentary.
The lack of feldspar suggests that the source area was intensely 
weathered, i.e. a humid tropical climate. Alternatively the sediments 
were subjected to very prolonged abrasion or are the product of 
reworked orthoquartzites. The increase in feldspar content in the 
upper Stairway orthoquartzites suggests that the climate may have
-  18 . -
become more a r id  th an  i t  was i n  low er S ta irw ay  Sandstone t im e s .
The c o a rse n e ss  o f th e  g ra in s  to g e th e r  w ith  t h e  h igh  d eg ree  of 
ro und ing  and s o r t in g  o f  t h e  b a s a l  o r t h o q u a r t z i t e  compared with t h e  
h ig h e r  o r th o q u a r tz i te s  su g g e s ts  a very  much more v ig o u ro u s  d e p o s i t io n a l  
environm ent o r  one in  w hich th e  r a t e  o f  s e d im e n ta tio n  was slow  so  th a t  
th e  " ro u n d in g  mechanism" (p ro b ab ly  a beach a rv ironm en t) was a b le  to  
keep pace w ith  s e d im e n ta t io n .
The p re se n c e  of b im o d a li ty  w ith in  t h e  o r th o q u a r tz i t e s  su g g e s ts  
th a t  m ixing of sed im en ts  formed i n  env ironm ents  o f d i f f e r e n t  energy  
le v e ls  has o c c u rre d . F o lk  (1961) su g g e s ts  th a t  th i s  type o f th in g  
commonly o ccu rs  i n  th e  n e r i t i c  zone when f o r  in s ta n c e  th e  sand g r a in s  
on a  sand b a r  a r e  blown in to  a lagoon  and mixed w ith  th e  f i n e r  sed im en ts  
b e in g  d e p o s ite d  t h e r e .
b) S ub -ark o se  (5 -  25$ F e ld s p a r ;  0 - 5 $  m etam orphic ro ck  frag m e n t;
95 -  75$ q u a r tz )  ,
Veiy few o f th e  S ta irw ay  S andstone a r e n i t e s  o ccu r w ith in  th e  
sub ark o se  g roup . An example i s  A P l/1 2 2 /1 1 , which i s  a v e ry  f i n e  
g ra in e d  s i l i c e o u s  im m ature su b a rk o se .
The few su b ark o ses  a re  in  th e  v e ry  f in e - g r a in e d  sand ran&e and 
a re  su b an g u la r  and m o d e ra te ly  to  p o o rly  s o r te d .
The q u a r tz  of th e  su b ark o se  group i s  p red o m in an tly  o f th e  p lu to n ic  
o r u n d u lö se  v a r ie ty ;  th e r e  i s  however an i n d i c a t io n  th a t  th e  p e rc e n ta g e  
of c h e r t  i s  h ig h e r  i n  th e  su b ark o se  th a n  in  th e  o r th o q u a r tz i t e  (s e e  
ta b le  1 , a p p e n d ix ) . Heavy m in e ra ls  a re  v e ry  m inor and a l lo c h e m ic a l 
m in e ra ls  ( c la y s ,  c a rb o n a te s  e t c . )  a re  a b s e n t .  The f e ld s p a r  i s  
p red o m in an tly  m ic ro c iin e  to g e th e r  w ith  m inor in d e te rm in a te  f e ld s p a r .  
G en era lly  th e  f e ld s p a r  i s  f i n e r  g ra in e d  th a n  th e  q u a r tz  and i n  some
19 -
. !
c a se s  i t  i s  b e t t e r  rounded . The f e ld s p a r  g ra in s  a re  f r e s h  i n  a l l  th e  
s l i d e s  in s p e c te d .
C o n e lu s io n s :
The predom inance o f m ic ro c lin e  su g g e s ts  t h a t  th e  source  a r e a  
was p lu t o n ic ,  A f a i r l y  a r id  c l im a te  i s  su g g es ted  by th e  unw eathered  
s ta g e  o f th e  f e ld s p a r  and by th e  d eg ree  o f round ing  r e l a t i v e  to  t h a t  
o f  th e  q u a r tz .
c) "Red A re n ite "  ("R ed-beds")
The sed im en ts  of t h i s  group a re  v e ry  f i n e  g ra in e d  sandy o r  s i l t y  
im m ature o r th o q u a r tz i t e s  b u t becau se  o f t h e i r  d i s t i n c t i v e  re d  c o lo u r 
th e y  a re  d e a l t  w ith  s e p a r a te ly .
The g ra in  s i z e  ran g es  from 3 0  to  5$; th e  g ra in s  a r e  a n g u la r  and 
s o r t in g  i s  m odera te  to  po o r (F ig.. 46, ap p e n d ix ) . The q u a r tz  ty p e s  
a re  th e  norm al assem blage f o r  o r th o q u a r t z i t e s .  I t  i s  th o u g h t th a t  
w ith in  th e  " re d  a r e n i t e s "  th e  p e rc e n ta g e  of co m posite  q u a r tz  and c h e r t  
i s  s l i g h t l y  l e s s  th a n  in  a d ja c e n t n o n -red  se d im e n ts . F e ld s p a r  i s  
g e n e ra l ly  a b s e n t b u t r a r e l y  makes up 2% of th e  ro c k . Heavy m in e ra ls  
a re  p r e s e n t  on ly  in  v e ry  m inor am ounts, P y r i t e ,  g la u c o n i te ,  phosphate  
and c a rb o n a te  a r e  a b s e n t ,  bu t c la y  i s  alw ays p re s e n t  form ing  5 -  20^6 
of th e  t o t a l  ro c k . I t  i s  th e  f e r ru g in o u s  c la y  m a tr ix  which im p arts  
th e  red  c o lo u r  to  th e  s e d im e n ts . G e n e ra lly , q u a r tz  g ra in s  a re  no t in  
c o n ta c t and each  g ra in  i s  co a ted  by re d  ? l im o n i t ic  c la y  ( F ig .47 , a p p e n d ix ) . 
There a re  how ever exam ples of q u a r tz  g ra in s  in  c o n ta c t w ith  o th e r  
q u a r tz  g ra in s ,  and w ith  no red  m a tr ix  betw een them b u t  w ith  an o v e r a l l  
red  c o a tin g  round th e  group o f  g r a in s ,
O b se rv a tio n s  made on th e  AP2 and AP3 c o re s  f u r t h e r  com plica te  
th e  p ic tu r e  a s  in  s e v e ra l  p la c e s  th e  " re d -b e d s"  have a m arkedly
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g r a d a t io n a l  boundary  w ith  w h ite  s a n d s to n e s . T h e re fo re  th e  p o s s i b i l i t y  
o f a n c ie n t  c i r c u l a t i n g  i r o n - r i c h  ground w a te rs  canno t be ig n o re d .
However th e  d i s t i n c t  a r e a l  d i s t r i b u t i o n  o f th e  Mre d -b e d s H and t h e i r  
p re se n c e  a t  d ep th  a r e  c o n tra ry  to  t h i s  h y p o th e s is .
C o n c lu s io n s :
The so u rc e  a r e a  was p ro b ab ly  composed o f bo th  g r a n i t i c  and 
se d im e n ta ry  ro c k s . The form  o f the re d  m a tr ix  im p lie s  t h a t  th e  r e d  
c o lo u r  p ro b ab ly  r e s u l t s  from  l a t e r i t i c  w e a th e rin g  i n  the so u rce  a r e a .  
T here i s  how ever some ev id en ce  to  su g g e s t t h a t  p a r t  of t h e  re d -m a tr ix  
may r e s u l t  from  a p a r a l i c  type  o f d e p o s i t io n a l  env ironm ent. The 
p oo r roun d in g  and s o r t in g  im ply a v e ry  t r a n q u i l  ty p e  of environm ent 
such, a s  a la g o o n , o r  r e l a t i v e l y  s h o r t - l i v e d  t r a n s p o r t  from  t h e  so u rc e  
a r e a ,  o r  b o th .
L u t i te
T his term  i s  a p p l ie d  to  a l l  te r r ig e n o u s  sed im en ts  w hich c o n ta in  
50°fo o r  more of s i l t  a n d /o r  c la y .
(a )  S i l t  s to n e
These do n o t d i f f e r  m arked ly  i n  m inera logy  frcm th e  o r th o q u a r tz i t e s  
and may be c o n s id e re d  as o r th o q u a r tz i t e - ty p e  s i l t  s to n e s .  The o n ly  
d i f f e r e n c e s  a re  o f g r a in  s iz e  (40 to  8 0 ) , th e  su b -a n g u la r  form  o f th e  
g r a in s ,  a s l i ^ i t l y  h ig h e r  p e rc e n ta g e  of f e ld s p a r ,  and th e  v e ry  much 
h ig h e r  p e rc e n ta g e  o f c la y  m a tr ix  i n  s i l t s t o n e  ( F ig .48 , a p p e n d ix ) .
The d e t r i t a l  g ra in s  may a ls o  be l e s s  w ell s o r te d  and ro u n d ed .
Conclus io n s :
T here i s  no d i f f e r e n c e  in  p rovenance o r  c l im a te  betw een th e  
o r th o q u a r tz i te s  and th e  s i l t s t o n e s .  The lo w er t e x tu r a l  m a tu r i ty  o f  
th e  s i l t s t o n e  i s  due to  th e  environm ent o f d e p o s i t io n  b e in g  l e s s
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v ig o ro u s  th a n  th a t  in  which th e  o r th o q u a r tz i t e s  w ere d e p o s ite d *  The 
r e l a t i v e l y  h ig h  p e rc e n ta g e  o f c la y  m a trix  su g g e s ts  th a t  th e  
environm ent was e i t h e r  f a i r l y  deep n e r i t i c  o r  la g o o n a l.
(b) C la y sto n e
Clays to n e s  may form  as  much as 19 » 20% o f th e  t o t a l  th ic k n e ss  
of th e  fo rm a tio n , bu t few th in  s e c t io n s  were a v a i la b le  f o r  
ex a m in a tio n . 5 -  10% d e t r i t a l  q u a r tz  of very  f i n e  sand  o r  s i l t  
s iz e  i s  commonly p re s e n t  i n  th e  c la y s to n e  -  th e  q u a r tz  ty p e s  being 
th e  u s u a l  assem blage of p lu to n ic  (common) and u n du löse  q u a r tz  with 
on ly  v e ry  m inor com posite  q u a r tz  and c h e r t .  F e ld s p a r  and heavy 
m in e ra ls  a re  p re s e n t  in  th e  c la y s to n e s .  F in e  f la k e s  o f m ica are  
common. G lau co n ite  i s  a b se n t and p y r i t e  i s  r a r e .  P h o sp h a tic  
m a te r ia l  v a r ie s  from  0 t o  9%. The p e rc e n ta g e  of c a rb o n a te  i s  
g e n e ra l ly  low , ex ce p t in  a few specim ens. The c a rb o n a te  ( c a l c i t e ,  
d o lo m ite  o r  s i d e r i t e )  may be a u th ig e n ic .  F i g .49 (append ix ) i s  an 
example of a s i d e r i t i c  c la y s to n e ,  w ith  p a tc h e s  of ? a u th ig e n ic  
s i d e r i t e  about »05 mm. a c r o s s .  No c la y  m in e ra ls  w ere p o s i t iv e ly  
i d e n t i f i e d  from m ic ro sco p ic  ex am in a tio n , b u t Crook (1964) h as  shown 
th a t  th e  dom inant c la y  m in e ra l i s  i l l i t e  (70 -  100%), w ith  mino? 
k a o l in i t e  (0 -  30%) and c h l o r i t e  (o =» 12%).
C onclusionss
The sand and s i l t  g r a in s  w ith in  the  c la y s to n e  in d i c a te  t h a t  the  
provenance was p red o m in an tly  ig n eo u s o r  sed im en ta ry  and th e  c l in a te  
humid t r o p i c a l .  This i s  su p p o rted  by th e  p re se n c e  of k a o l in  w lich  
i s  g e n e ra lly  re g a rd e d  as fo rm ing  in  a re a s  of in te n s e  w ea th e rin g . 
C h lo r i te  may be i n d i c a t i v e  o f  a  la g o o n a l o r n e a r - s h o re  environment*
~  22 ~
P re s e n t-d a y  i l l i t e  i s  most commonly found i n  an a r id  environm ent 
(Ja c k so n , 1958) 0 I t  i s  how ever o f  u n c e r ta in  v a lu e  as  an  env ironm enta l 
in d i c a to r  as  i t  i s  a l s o  formed by th e  tra n s fo rm a tio n  of m o n tm o rilIo n ite . 
H urley  (1959) has a l s o  shown th a t  much o f  th e  i l l i t e  in  R ecent sed im en ts  
h as  been  o b ta in e d  from  th e  rew ork ing  o f a n c ie n t  se d im e n ts .
C arbonates
C a lc i t e ,  and do lom ite  a r e  known t o  occur as t h i n  in te rb e d s  
w ith in  the  S ta irw ay  S andstone b u t a re  n o t  common. S id e r i t e  i s  o n ly  
known in  c la y s to n e s  (s e e  Fig<,49? ap p e n d ix ) . Both th e  lim e s to n e s  and 
d o lo m ite s  may c o n ta in  s ig n i f i c a n t  amounts of te r r ig e n o u s  m a te r ia l .
The q u a r tz  g ra in s  a r e  g e n e r a l ly  i n  th e  s iz e  range  v e ry  f i n e  sand to  
c o a rse  s i l t .  The q u a r tz  i s  p red o m in an tly  th e  u s u a l  p lu to n ic  and 
u n d u lö se  v a r i e t i e s  and i s  a n g u la r  to  sub-round  and m o d e ra te ly  s o r te d .  
F e ld s p a r  and heavy m in e ra ls  form  a v e ry  m inor p a r t  o f th e  te r r ig e n o u s  
f r a c t i o n ,  but c la y s  may form from  0 -  20^ of th e  ro c k . 1 -  2$  of 
p h o sp h a te  and p y r i t e  a re  commonly p r e s e n t  and th e  p h o sp h a te  c o n te n t 
may be a s  h ig h  as 10^ . G la u c o n ite  i s  a b s e n t.
(a )  L im estone
The lim e s to n e s  a r e  m ain ly  m ic r i te s  and b io m ic r i te s  b u t c lay ey  
m ic r i t e s  (e„g . A P l/l8 4 /0 )a n d  ? d is m ic r i te s  ( e .g .  A P l/7 4 /l)  a r e  known.
The f o s s i l s  w hich may form  q u i t e  a h ig h  p e rc e n ta g e  of the  b io m ic r i te  
a re  p red o m in an tly  b ra c h io p o d s , g a s tro p o d s  and p e lecy p o d s . They a re  
g e n e ra l ly  p re s e n t as l a r g e  frag m en ts  o r whole f o s s i l s ,  w ith  few  s ig n s  
o f s e v e re  f r a g m e n ta t io n . I n  p la c e s ,  i t  i s  c l e a r  th a t  d o lo m ite  i s  
r e p la c in g  th e  cal c i t e .
(b) I) ol omit e
F o llow ing  th e  c l a s s i f i c a t i o n  o f F o lk  ( l9 6 l )  th e  d o lo m ite s  range
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from aphanocrystalline to coarsely crystalline dolomites* The name 
may in addition he qualified by one or other of the prefixes "clayey", 
"phosphatic" or "sandy'1. Some of the dolomite crystals show an 
extremely well developed rhombic form (Fig.50, appendix). Fossils are 
absent.
Conclusions:
It would appear that much of the dolomite has formed by the 
replacement of cal cite - this is supported by the texture of the 
dolomites and by the lack of fossils (possibly destroyed during 
dolomitization). Some of the finer grained varieties may however be 
primary.
The mineralogical assemblage of the terrigenous material indicates 
the usual igneous or mixed provenance and humid tropical weathering.
The predominantly microcrystalline form of the cal cite and the 
?primary dolomite suggests that the rock was once a microcrystalline 
ooze, forming in a very quiet area. Folk (l96l) considers that the 
four environments where this type of sedimentation occurs are in 
shallow protected lagoons; on broad shallow platforms to the lee-side 
of barriers; in moderately deep water in geosynclines; and in areas 
of organic baffling. The fossil content implies that the first or 
second suggestions are the more likely. The fact that the limestone 
beds are very thin and commonly alternate with arenites further suggests 
that the lagoonal environment is the most likely.
Summary
Three basic rock types are dealt with - quartz arenite, lutite, 
and carbonate (phosphorites are left until later). The arenites are 
predominantly super mature orthoquartzites, apart from some of those
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of th e  m idd le S ta irw ay  w hich  may be sub -m atu re  to  im m ature. The 
o r th o q u a r tz i t e s  a re  s t r o n g ly  s i l i c i f i e d  -  perhaps due to  e a r l y  
d ia g e n e s is  bu t more p ro b ab ly  due t o  l a t e  s ta g e  p re s s u re  s o lu t io n .  
A rkoses a r e  p re s e n t  bu t r a r e  -  they  a re  g e n e ra lly  f in e  g ra in e d  and 
the  f e ld s p a r  i s  most commonly m ic ro c l in e .  "R ed-beds” a r e  a l s o  
known -  th ey  a r e  re d  l im o n i t ic  s l i g h t l y  c lay ey  sa n d s to n e s . The 
l u t i t e s  a r e  e i t h e r  " o r th o q u a r tz i te - ty p e ” o f s i l t s t o n e s ,  o r 
c la y s  to n es  made up p re d o m in an tly  of i l l i t e  w ith  m inor k a o l i n i t e  
and c h l o r i t e .  The ca rb o n a te s  a re  lim e s to n e s  o r  d o lo m ite s , o r  
r a r e l y  s i d e r i t e .
The a r e n i t e s  su g g est th a t  th e  c lim a te  was t r o p i c a l  o r  
s u b tr o p ic a l  b u t h o t  a r id  i n  p a r t .  There was p o s s ib ly  some 
l a t e r i t i c  w e a th e r in g  in  th e  so u rce  a r e a .  The provenance i s  
p red o m in an tly  p lu to n ic  ( g r a n i t i c )  o r  mixed g r a n i t ic - s e d im e n ta r y .  
T here i s  s tro n g  ev id en ce  o f  rew o rk in g  of sed im en ta iy  ro c k s  d u r in g  
upper S ta irw ay  t im e s , The q u a r tz  a r e n i t e s  may have been  l a i d  down 
u n d e r  f a i r l y  v ig o ro u s  c o n d itio n s  b u t th e  l ü t i t e s  and ca rb o n a te s  
ap p ea r to  have been l a id  down i n  a v e ry  q u i e t  env iro n m en t.
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CHAPTER 3
HEAVY MINERAL STUDIES
G eneral
The m ethodology o f th e  heavy m in e ra l s t u d i e s  i s  g iven  in  th e
ap p en d ix . Heavy m in e ra l co u n ts  were made a t  r e g u la r  i n t e r v a l s
of API.
th ro u g h o u t th e  S ta irw ay  S a n d s to n e / I n  a d d i t io n  to  t h e  m inera logy  
i t  was a ls o  n o te d  w h eth er g ra in s  were rounded , a n g u la r  or e u h e d ra l.  
The p e rc e n ta g e  of each heavy m in e ra l was ex p ressed  as a p e rc e n ta g e  
o f th e  whole heavy m in e ra l c o n te n t .  I t  was a l s o  i n i t i a l l y  in te n d e d  
to  c o n s id e r  th e  v a r i a t i o n  of th e  t o t a l  heavy m in e ra l assem blage a s  a 
p e rc e n ta g e  o f the  w hole rock  hu t t h i s  proved im p o ss ib le  b ecau se  of 
th e  h ig h  p e rc e n ta g e  of c o n tam in a tin g  heavy a u th ig e n ic  m in e ra ls  such 
as p y i i t e ,  d o lo m ite  and p h o sp h a te .
R e s u lts
The p e rc e n ta g e s  of a n g u la r  and e u h e d ra l g r a in s  proved to  be  
so sm a ll i n  most c a se s  ( 2 $  o r le s s )  t h a t  i t  was im p o ss ib le  to  
s e p a ra te  them ou t on th e  g ra p h ic a l p r e s e n ta t io n  of th e  r e s u l t s  
( F ig .7 ) .
In  a l l ,  th e  p re se n c e  of f iv e  heavy m in e ra ls  was n o ted  i n  t h e  
S ta irw ay  Sandstone -  to u rm a lin e , z i rc o n ,  a p a t i t e ,  g a rn e t and r u t i l e  -  
b u t of th e s e  o n ly  to u rm a lin e  and z i r c o n  a r e  ab u n d an t. The o th e r  
th r e e  m in e ra ls  g e n e ra l ly  make up oh ly  1 -  Z/o o f  th e  heavy m in e ra l 
a ssem b lag e .
Tourm aline o ccu rs  as  s ix  d i s t i n c t  ty p e s  -  brown, g re e n , b lu e ,  
g re y , p in k  and c o lo u r l e s s .  The brown and g reen  form s a re  by f a r  
th e  commonest. Z irco n  o ccu rs  in  th r e e  form s -  c l e a r ,  brown and  
p u rp le ,  of w hich th e  c l e a r  and brown ty p e s  a re  th e  commonest»
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The vertical variation in the ratio of tourmaline to zircon is 
marked by extreme variations commonly occurring within a very small 
vertical distance (Fig.7). It was also observed that the diameter 
of the tourmaline is commonly twice or three times that of the zircon 
(Fig.51, appendix) - a reflection on the differing hydraulic properties 
of the two minerals (tourmaline is tabular) and the specific gravities 
(tourmaline is 3.1, zircon is 4.5). Both tourmaline and zircon show 
an extremely well rounded habit throughout (Figs.52-53, appendix), 
Authigenic tourmaline and zircon farming as overgrowths on detri tal 
grains have been previously described (Krynine, 1946); Awasthi, 
1961) and one or two such overgrowths were noted in the Stairway 
Sandstone (e.g. spec. APl/640/0), Many of the tourmaline and zircon 
grains contained a variety of inclusions, but no quantitative study 
of the inclusions was undertaken. 
Interpretation of the heayY mineral data 
The extremely high degree of rounding shown by the heavy mineral 
grains is a feature commonly shown by super-mature orthoquartzi tes 
and suggests either extreme prolonged abrasion (and/or chemical 
action) of an acid igneous source area or reworking of older sedimentary 
rocks, However, the occurrence of extremely well developed euhedral 
zircon, together with extremely well rounded zircon at about 350 feet 
in APl (see Fig.7) can only be satisfactorily explained by having a 
mixed provenance with the euhedral grains being derived from a 
primary plutonic (?granitic) source area and the well rounded grains 
being derived from sedimentary rocks (probably sandstones). 
The considerable vertical variation shown in the tourmaline: 
zircon ratio together with the extremely restricted nature of the 
dHi to  i l lu s t ra te  the l a c k  o f  c o r re la t i o n  b e tw e e n  m o d a l  
g r a i n  s i ze  and heavy m in e ra ls
x t o u r m a l i n e  
. z i r con
ne rals
M o d a l  g ra in  size ( p h i  u n i t s )
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heavy  m in e ra l assem blage make i t  u n l ik e ly  t h a t  heavy m in e ra l sfcudies w i l l  
he of any g re a t  v a lue  f o r  c o r r e l a t i o n  p u rp o ses  w ith in  the S ta irw ay  
S an d s to n e . The form  o f  th e  to u rm a lin e : z irc o n  graph ( F ig ,7) may he 
o f some v a lu e  i n  env ironm en ta l i n t e r p r e t a t i o n  how ever, R .L .F o lk  
( p e r s . comm,) has su g g es ted  th a t  the  ty p e  o f v a r i a t i o n  in  th e  to u im a lin e  
and z i r c o n  p e rc e n ta g e s  shown hy th e  S ta irw ay  Sandstone i s  commonly a 
r e f l e c t i o n  of the  dependency of th e  heavy m in e ra ls  on g r a in  s i z e ,  i . e ,  
a p lo t  o f modal g r a in  s i z e  o f th e  w hole rock  a g a in s t  p e rc e n ta g e  of 
to u rm a lin e  o r  z i rc o n  g iv e s  a s t r a i g h t  l i n e  r e l a t i o n s h i p .  T his 
how ever has b een  found n o t to  he th e  case  i n  th e  S ta irw ay  S andstone  
and th e re  i s  no c o r r e l a t i o n  betw een g r a in  s i z e  and th e  to u rm a lin e : z irc o n  
r a t i o  ( F ig .8 ) ,  The v a r i a t i o n  i s  th e r e f o r e  p ro b ab ly  dependent on one 
o r  more o f th e  fo llo w in g  f a c to r s s ~  ( i )  a change in  th e  so u rce  a re a  -  
pe rh ap s m erely  by a s l i g h t  change i n  th e  r i v e r  d ra in a g e  p a t t e r n ;  
c l im a t ic  changes which w i l l  s e l e c t i v e ly  remove one o r o th e r  of th e  
heavy m in e ra ls :  ( i i )  p ro g re s s iv e  e ro s io n  of su c c e s s iv e  la y e r s  o f
ro c k s , some of w hich a re  r i c h  in  to u rm a lin e  w h ils t o th e rs  a r e  r i c h  
in  z irc o n : ( i i i )  th e  heavy m in e ra l assem blage may be r e l a t e d  to
th e  s tra n d  l i n e  p o s i t io n  so th a t  any  v a r i a t i o n  i s  a  r e f l e c t i o n  of a 
t r a n s g r e s s io n  or r e g r e s s io n .  B ruckner and Morgan (1964) found th a t  
th e  d i s t r i b u t i o n  o f  heavy m in e ra ls  on th e  in n e r  p a r t  o f th e  West 
A frican  c o n t in e n ta l  s h e lf  i s  r e l a t e d  t o  t h e i r  s p e c i f i c  g r a v i ty  (and 
a ls o  presum ably to  t h e i r  h y d ra u lic  b e h a v io u r ) .  R eg ress io n  o r  
t r a n s g r e s s io n  i n  t h i s  a re a  would r e s u l t  in  l a t e r a l l y  a d ja c e n t heavy 
m in era l assem blages becoming a ls o  v e r t i c a l l y  a d ja c e n t .  T h is  could  
have happened d u r in g  S ta irw ay  Sandstone s e d im e n ta t io n . B ecause o f 
th e  r e l a t i v e  p a u c ity  o f  heavy m in e ra l d e te rm in a tio n s ,  i t  i s  n o t
-  28  -
p o s s ib le  to  s u b s t a n t i a t e  t h i s  h y p o th e s is  f o r  F i g . 7 cannot be compared 
w ith  F ig .26 to  s e e  i f  th e re  i s  any c o r r e l a t i o n  betw een r e g r e s s io n  
t r a n s g r e s s io n  and to u rm a l in e /z i r c o n .  Such a com parison would on ly  
be p o s s ib le  by c a r ry in g  o u t heavy m in e ra l coun ts  f o r  each o f th e  
s e d im e n ta tio n  u n i t s .
There i s  how ever a s t r i k i n g  s i m i l a r i t y  betw een th e  form o f th e  
heavy m in e ra l p lo t  ( F ig .7) and th e  p lo t  o f th e  v e r t i c a l  d i s t r i b u t i o n  
o f  th e  number of s e d im e n ta t io n  u n i t s  p e r te n  f e e t  ( F ig .23) . This 
s i m i l a r i t y  may be a  r e f l e c t i o n  o f th e  env ironm enta l s e n s i t i v i t y  o f  th e  
heavy m in e ra l assem b lage .
Summary
The S ta irw ay  Sandstone h as  a ty p i c a l  superm atu re  heavy  m in e ra l 
assem blage made up p red o m in an tly  o f  w e ll rounded to u rm a lin e  and 
z i r c o n .  The heavy m in e ra l s tu d ie s  a r e  of l i t t l e  v a lu e  f o r  c o r r e l a t i o n  
pu rp o ses  but th e y  do su g g es t th e  w e a th e rin g  o f  a mixed p lu to n ic -  
sed im en ta ry  so u rce  a r e a .  The r e l a t i v e  p ro p o r tio n s  of to u rm a lin e  and 
z irc o n  may b e dependant on a v a r ie ty  o f  f a c t o r s  b u t i t  i s  su g g es ted  
th a t  th e  p o s i t io n  o f  th e  s tra n d  l i n e  may b e  th e  most im p o r ta n t s in g le
f a c to r
-  29 -  
CHAPTER 4
DETAIL IP) TEXTURAL ANALYSES
G e n e r a l
E i g h t e e n  d e t a i l e d  t e x t u r a l  a n a l y s e s  o f  12 t h i n  s e c t i o n s  f ro m  
API w e re  c a r r i e d  o u t  u s i n g  P a c k h a m 's  (1 9 5 5 )  m e th o d .  The v a r i o u s  
p e r c e n t i l e s  ^ 8 4 ’ e^ c # ) w e re  o b t a i n e d  and th e  v a l u e s  f o r
mean d i a m e t e r  (M z ) , s t a n d a r d  d e v i a t i o n  (d ) ,  s k e w n e s s  (sk-, ) and 
k u r t o s i s  (K ) c a l c u l a t e d  b y  t h e  m eth o d  o f  F o l k  a n d  Ward ( 1 9 5 7 ) .
O
D e t a i l s  o f  t h e  m e th o d  a r e  g i v e n  i n  t h e  a p p e n d i x .  The p e r c e n t i l e s  
and  t h e  t e x t u r a l  p a r a m e t e r s  a r e  t a b u l a t e d  i n  T a b l e s  2 t o  4 ( a p p e n d i x ) . 
Some a n a l y s e s  ( t h o s e  on A P l / 5 1 / 2 ,  A P l / l l 2 / 7 0 ,  A P l / 6 0 1 / 0  and A P /7 5 5 /0 )  
w e re  made a s  p a r t  o f  t h e  i n v e s t i g a t i o n s  i n t o  t i e  o r i g i n  o f  p h o s p h o r i t e s  
and  t h e s e  a n a l y s e s  a r e  d i s c u s s e d  i n  m ore  d e t a i l  i n  t  he  c h a p t e r  o n  
p h o s p h o r i t e s .
The c u m u l a t i v e  f r e q u e n c y  c u r v e s  ( p l o t t e d  on p r o b a b i l i t y  p a p e r )  
f o r  t h e  18  a n a l y s e s  a r e  shown i n  F i g . 9 .  T h e r e  a r e  t h r e e  m a in
t e x t u r a l  g r o u p i n g s :  t h e  g ro u p  on t h e  ex t re m e  l e f t  o f  t h e  g r a p h
( i . e ,  t h e  v e r y  c o a r s e  g r a i n e d  end)  i s  com posed o f  c o u n t s  o f  
p h o s p h a t i c  p e l l e t s ,  w i th  t h e  e x c e p t i o n  o f  A P l / 6 4 8 / 6  (a  c o a r s e  s a n d  
w h ic h  o c c u r s  n e a r  t h e  to p  o f  t h e  l o w e r  S t a i r w a y ) .  The m i d d le  g ro u p  
o f  s e d i m e n t s  c o m p r i s e s  m a i n l y  t h e  c o a r s e  b a s a l  s a n d s  p l u s  t h e  c o a r s e  
s a n d s  a s s o c i a t e d  w i t h  p h o s p h o r i t e s .  The g ro u p  on  t h e  e x t r e m e  l i g h t  
o f  t h e  g ra p h  ( t h e  f i n e  end)  i s  made u p  o f  f i n e  an d  v e r y  f i n e  g r a i n e d  
u p p e r  S t a i r w a y  s a n d s ,  v e r y  f i n e  g r a i n e d  m id d le  S t a i r w a y  s a n d s  a n d  
f i n e  and  v e r y  f i n e  g r a i n e d  sand  w i t h i n  p h o s p h a t i c  p e l l e t s .
The d i s c u s s i o n  on t h e  s i g n i f i c a n c e  o f  t h e  t e x t u r e s  i s  h e r e  f o r  
t h e  m ost p a r t  l i m i t e d  t o  t h e  n o n - p h o s p h a t i c  s e d i m e n t s .  The s h a p e
C U M U L A T I V E  F R E Q U E N C Y  C U R V E S
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0 01
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o f th e  cu rv es  may be  to  some e x te n t  e n v iro n m e n ta lly  s i g n i f i c a n t .
D oeglas (1946) su g g e s ts  th a t  th e r e  a re  3 b a s ic  shapes of cu m u la tiv e  
fre q u e n c y  cu rv es  w hich a re  d ia g n o s t ic  o f  th e  environm ent b u t as h i s  
p lo t s  a r e  a r i th m e t ic  th e  shapes of th e  c u rv e s  cannot be compared w ith  
th o s e  i n  F i g . 9 , w hich i s  a lo g a ri th m ic  p l o t .  I t  i s  th e r e f o r e  n e c e ssa ry  
to  lo o k  a t  th e  a c t u a l  v a lu e s  of th e  p a ram e te rs  (see  Table 3) as 
c a lc u la te d  by th e  e q u a tio n s  su g g es ted  by F o lk  an d  Ward (1 9 5 7 ),
Mean d ia m e te r  (Mz)
Mz = ^16 + ^50 * ^ 84
3
Both th e  mean a n d  m edian d ia m e te rs  o f the  low er S ta irw ay  sands 
a re  in  th e  very  c o a rs e  sand ra n g e , w h ils t  th e  m iddle and u p p er 
S ta irw ay  sands a re  in  th e  v e ry  f i n e  sand ra n g e . T h is  su g g e s ts  t h a t  
very  much more v ig o ro u s  c o n d it io n s  p re v a i le d  i n  low er S ta irw ay  tim es  
th a n  was th e  case i n  m idd le  o r  u p p er S ta irw ay  t im e s .
S tan d ard  D e v ia tio n  (d^)
dq « ^84 ** ^16 + ^95 ~ ^5
4 6 .6
S tandard  d e v ia t io n  i s  a m easure of th e  s o r t in g  of a se d im e n t.
The r e s u l t s  o b ta in ed  f o r  th e  S ta irw ay  B andstone vary  from  dq = 0 .54ß  
to  dq = 0.99jÖ and in d i c a te  th a t  a l l  th e  san d s f a l l  i n to  the  m o d e ra te ly  
to  m o d e ra te ly  w ell s o r te d  range  o f Fo lk  an d  Ward (1 9 5 7 ). There 
ap p ea rs  to  be a tendency  f o r  th e  f i n e r  sands to  be s l i g h t l y  b e t t e r  
s o r te d  th a n  th e  c o a rs e r  sa n d s . The most p o o r ly  s o r te d  specim en 
(A P l/648 /6 ) o ccu rs  n e a r  th e  to p  o f  the low er S ta irw a y . Friedm an 
(1962) has shown th a t  th e  environm ent o f  d e p o s i t io n  of m o d e ra te ly  
s o r te d  co a rse  sand may be r i v e r ,  beach o r  c o n t in e n ta l  s h e lf  and
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t h a t  th e  environm ent of d e p o s i t io n  of m o d e ra te ly  w e ll s o r te d  v e ry  
f in e  sands may he r i v e r ,  b e a c h , lagoon  o r  c o n t in e n ta l  s h e l f  below  
wave b a s e .
Skewness (Sk^)
A« + 084 - #
^(^84  “ fi)
^ 5  +  ^ 9 5  '  2 ^ !
2(A^ -  A,)
Skewness i s  an in d i c a t io n  o f th e  assym m etry of curve and 
th e r e f o r e  a ls o  o f  th e  '‘t a i l s "  of th e  c u rv e . The sands have a  ran g e  
in  skew ness of -0 .0 5  to  4 0 .4 7 . The c o a rse  b a s a l  san d s have n e a r  
sym m etrica l skew ness (w ith  th e  e x c e p tio n  o f  A Pl/792/66  w hich i s  
f in e  skew ed). The very f in e  sands o f th e  u p p er S ta irw ay  a re  a l s o  
n e a r  sym m etrica l b u t th e  sands of th e  m iddle S ta irw ay  a re  s tro n g L y  
f in e  skewed.
The f a c t  t h a t  most of th e  sands a re  n e a r  sym m etrica l im p lie s  
t h a t  the  environm ent i n  w hich th e y  w ere d e p o s ite d  and a c q u ire d  t h e i r  
t e x t u r a l  c h a r a c t e r i s t i c s  was no t l a t e r  m od ified  by winnowing o r  o th e r  
p ro c e s s e s ,  i . e ,  th e  te x tu r e s  w ere i n  e f f e c t  a c q u ire d  i n  s i t u .  The 
s tro n g ly  f in e  skewed sands i n  t h e  m iddle S ta irw ay  su g g es t th a t  some 
m ix ing  of env ironm ents may have o ccu rred  to  p roduce a b im odal sed im en t 
K u rto s is  (Kg)
2 , 4 4 '^75  ~
F o lk  ( l9 6 l )  s t a t e s  th a t  most sed im en ts  have k u r to s is  v a lu e s  i n  
th e  ran g e  0 .85  to  1 .4 .  I t  i s  found th a t  th e  range o f  th e  S ta irw ay
sands i s  0 ,9 0  to  1 ,3 3 . Most of th e  sands a re  m e so k u rtic . The
low er sands ran g e  from p ia ty - k u r t i c  to  le p to k u r t i  c,° th e  m iddle and 
u p p er sands a re  m e so k u rtic  o r  l e p to k u r t i c .  The m e so k u rtic  form
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o f  many of th e  sed im en ts su p p o r ts  th e  c o n c lu s io n  a lre a d y  o b ta in e d  
from th e  skew ness th a t  th e  sed im en ts  a c q u ire d  t h e i r  t e x tu r e s  in  
th e  env ironm ent i n  which th e y  were f i n a l l y  d e p o s ite d . The te x tu r e s  
w ere n o t in h e r i t e d  from an e a r l i e r  environm ent (a s  a p p e a rs  t o b e  
th e  c a se  w ith  some o f th e  sands a s s o c ia te d  w ith  t h e  p h o s p h o r i te s ) .  
The s tro n g ly  f in e  skewed -  l e p to k u r t i c  com bination  shown by 
A P l/4 7 2 /l8  su g g e s ts  t h a t  th e  c o a rs e r  sands in  t h i s  specim en 
a c q u ire d  t h e i r  s o r t in g  i n  a  s l i g h t l y  h ig h e r  energy env ironm ent 
th a n  t h e  one i n  w hich they  a r e  now fo und . how ever, th e  la c k  o f 
any ex trem e skew ness o r k u r to s i s  v a lu e s  i n  tb e  S ta irw ay  Sandstone 
su g g e s ts  t h a t  any m ix ing  has o ccu rred  betw een s im i la r  env ironm ents 
(and p ro b ab ly  g e o g ra p h ic a lly  a d ja c e n t  e n v iro n m e n ts ) . Such m ixing 
as has o ccu rred  has been th e  r e s u l t  of c o a rse  h ig h  energy  sed im en ts 
b e in g  brough t i n t o  a f i n e r  g ra in e d  low er energy  en v iro n m en t. There 
i s  no e v id e n c e  o f th e  r e v e r s e  h a v in g  o c c u rre d . Winnowing m ight have 
produced some of th e  le p to k u r t i c  v a lu e s .
D e te rm in a tio n  o f environm ent from  th e  t e x t u r a l  p a ram e te rs
Mason and F o lk  (1958) have shown th a t  i t  i s  p o s s ib le  t o  
d i s t i n g u i s h  betw een beach  and dune env ironm ents by p l o t t i n g  
skew ness a g a in s t  k u r to s i s .  Friedm an (1962) d is t in g u is h e d  betw een 
beach  and r i v e r  sands by u s in g  a  p lo t  o f s ta n d a rd  d e v ia t io n  a g a in s t  
skew ness.
Both of th e se  p lo t s  w ere a p p lie d  to  th e  S ta irw ay  Sandstone 
(F ig .lO )M b u t in  n e i th e r  c a se  can  any env ironm enta l s ig n i f ic a n c e  
be a s c e r ta in e d .  T here ap p ea rs  t o  be no obv ious g ro u p in g  of 
k The p o in ts  on th e  p lo t s  a re  i d e n t i f i e d  by th e  numbers 1 to
18 . The specim en number e q u iv a le n ts  a re  g iven  in  T ab le s
2 - 3  (a p p e n d ix ) .
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p o in t s  a c c o rd in g  to  s t r a t i g r a p h ic  p o s i t i o n ,  p re se n c e  o r ab sen ce  o f 
p h o sp h a te , o r  g r a in  size«. No p r e - e x i s t i n g  p lo t s  a r e  known to  
th e  a u th o r  w hich d i s t i n g u is h  betw een two o r  more sh a llo w  m arine 
env ironm ents by s iz e  a n a ly s is  and w hich cou ld  be used  fo r  th e  
S ta irw ay  Sandstone« However, a  d e f i n i t e  s e p a r a t io n  of p o in ts  
i s  a ch iev ed  by p l o t t i n g  s ta n d a rd  d e v ia t io n  a g a in s t  k u r to s is  ( F ig . l lB )  
and s ta n d a rd  d e v ia t io n  a g a in s t mean d ia m e te r  ( F ig . l lA ) « Two f i e l d s  
(i and in) a re  common to  bo th  p lo t s  b u t F ie ld s  I I  and IV a re  
un ique to  th e  s ta n d a rd  d ev ia tio n -m ean  d ia m e te r  p lo t  and F ie ld  V 
i s  u n iq u e  to  th e  s ta n d a rd  d e v ia t io n - k u r to s i s  p lo t«
S tan d ard  d e v ia t io n  a g a in s t  k u r to s is  produced  a 3 - f i e l d  
s e p a ra t io n  (F ig . l lB )«  F ie ld  I  i s  th e  f i e l d  o f  p h o sp h a tic  p e l l e t s  
(b o th  p e l l e t s  counted a lo n e  and p e l l e t s  p lu s  d e t r i t a l  q u a r t z ) .
F ie ld  I I I  i s  th e  f i e l d  of c o a rse  g ra in e d  sands a s s o c ia te d  w ith  b u t 
o u ts id e  th e  p h o sp h a tic  p e l l e t s .  F ie ld  V i s  th e  f i e l d  of non 
p h o sp h a tic  sands p lu s  the  v e ry  f in e  sands found w ith in  p h o sp h a tic  
p e l l e t s .
The im p l ic a t io n  of t h i s  i s  t h a t  f a i r l y  s im i la r  en v iro n m en ta l 
p ro c e s se s  produce th e  n o n -p h o sp h a tic  sed im en ts , b u t th a t  th e  
p ro c e s se s  p ro d u c in g  th e  te x tu r e s  o f th e  p h o s p h a tic  p e l l e t s ,  and th e  
c o a rse  sands a s s o c ia te d  w ith  th e  p e l l e t s  a re  r a th e r  d i s s i m i l a r .
The p o s i t io n  of F ie ld  V betw een  F ie ld s  I  and I I I  maybe s i g n i f i c a n t .  
I t  may in d ic a te  th a t  th e  t e x tu r e s  o f  F ie ld s  I  and I I I  were produced 
by m o d if ic a t io n  of F ie ld  V by f o r  in s ta n c e  winnowing or rew o rk in g .
S tandard  d e v ia t io n  a g a in s t  mean d ia m e te r  g iv e s  a 4 - f ie ld  
s e p a ra t io n .  F ie ld  I  i s  a g a in  th e  f i e l d  o f p h o sp h a tic  p e l l e t s  
(bo th  w ith  and w ith o u t d e t r i t a l  q u a r tz )  and I I I  th e  f i e l d  o f
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c o a rse  san d s  i n  p h o sp h a tic  sed im en ts  "but o u ts id e  the  a c tu a l  p e l l e t s .
F ie ld  I I  i s  th e  f i e l d  o f th e  .co a rse  sands o f th e  low er S ta irw ay  and 
F ie ld  IV i s  th e  f i e l d  o f th e  v e ry  f in e  sands o f th e  m iddle and 
u p p e r S ta irw ay  and th e  v e ry  f in e  sands w i th in  th e  p h o sp h a tic  p e l l e t s .  
T h e re fo re  w h i ls t  i t  i s  a p p a re n t from  F ie ld  I  th a t  th e  c o a rs e  and 
f i n e  sands a re  produced i n  much th e  same environm ent i t  i s  a l s o  
e v id e n t from th e  e x is te n c e  o f  F ie ld s  I I  and IV t h a t  two d i f f e r e n t  
p ro c e s s e s  a re  a c t in g  w ith in  the  same b a s ic  environm ent to  p roduce 
th e  c o a rse  and f in e  san d s . F ie ld  IV ap p ea rs  to  be th e  en v iro n m en ta l 
f i e l d  i n  w hich th e  p hosphate  i s  p r e c i p i t a t e d  b u t th e  f i e l d  i s  
m o d ified  ( e i t h e r  by t r a n s p o r t  o r w innow ing) to  p roduce F ie ld  1 , 
th e  environm ent in  which th e  p h o sp h a te  p e l l e t s  a r e  c o n c e n tra te d .
T h is  i s  d is c u s s e d  in  more d e t a i l  l a t e r  (C h ap te r 8 ) .
Sahu (1964) has in tro d u c e d  th e  u se  of th e  d is c r im in a n t  
f u n c t io n  (Yu) in to  th e  d e te im in a t io n  o f  th e  d e p o s i t io n a l  
env iro n m en t. W orking w ith  b o th  a n c ie n t and r e c e n t  se d im e n ts , Sahu 
has found t h a t  by s u b s t i t u t i n g  th e  F o lk  and Ward (1957) p a ra m e te rs  
in to  v a r io u s  e q u a tio n s  i t  i s  p o s s ib le  to  d i s t i n g u i s h  betw een a e o l ia n ,  
b e a c h , sh a llo w  w a te r  m a rin e , (down to  d ep th s  o f 300 f e e t ) ,  f l u v i a t i l e  
and t u r b i d i t y  c u rre n t en v iro n m en ts .
To d i s t i n g u i s h  betw een beach  and a e o l ia n  th e  e q u a tio n  used  i s :
( l )  Yu = 3 o5688 (Mz) + 3 .7013 (d ^ 2 ) -  2 .0766 (S l^ )  + 3 .1135(K  )
f o r  beach Yu « -3 .9 0 7 3  + 0 .519  
f o r  a e o l ia n  Yu = -1 .7 8 2 4  + 1 .397  
Yu i s  l e s s  than  -2 .7 4 1 1  f o r  an a e o l ia n  environm ent and
g r e a te r  than  -2 .7411  f o r  a beach environm ent
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To d is t i n g u i s h  betw een beach and sh a llo w  w ate r m arine th e  
e q u a t io n  used  i s s -
(2) Yu = 15 .6534 (Mz) + 65.7091 (d ^ 2 ) + 18.1071 (S l^ )  + 18.5043 (K ) 
f o r  beach  Yu = 51*9536 + 4.869 
f o r  sh a llo w  w a te r  m arin e  Y = 104.7536 + 14.300 
I n  a d d i t io n ,  v a lu e s  f o r  Yu above 65.3650 in d i c a te  a sh a llo w  w a te r  
m arine  environm ent and below 65 .3 6 5 0 , a  beach env ironm ent.
To d i s t i n g u is h  betw een sh a llo w  w a te r  m arine and f l u v i a t i l e : -
(3) Yu = 0 .2852  (Mz) -  8 .7604 ( d ^ )  -  4*8932 ( Sk^) + 0 .0482  (K ) 
f o r  sh a llo w  w ater m arine Yu = -5 .3 1 6 7  _+ 2.190
f o r  f l u v a t i l e  Yu = 10 .4418 + 3*149 
V alues o f Yu g r e a t e r  th a n  -7 .4 1 9 0  in d i c a te  a sh a llo w  m arine  
environm ent and v a lu e s  l e s s  th a n  -7 .4 1 9 0  in d i c a te  a f lu v i a l  
en v iro n m en t.
To d is t in g u is h  betw een f i u v i a t i l e  and t u r b i d i t y  c u r r e n t ,  th e  
e q u a tio n  u sed  i s s -
(4 ) Yu = 0 ,7215 (Mz) -  0 .4030  (d.,2) + 6 .7322  (S l^ )  + 5*2972 (K ) 
f o r  f l u v a t i l e  Yu = 10 .7115 ±  1 .197
f o r  t u r b i d i t y  c u r re n t Yu = 7,9791 + 2 .570  
Yu l e s s  th a n  9,8433 in d i c a t e s  t u r b i d i t y  c u r re n t d e p o s i t io n  and 
Yu g r e a t e r  than  9 .8433 in d i c a te s  f l u v i a l  d e p o s i t io n .
On s u b s t i t u t i n g  r e s u l t s  from  th e  S ta irw ay  S andstone in to  th e s e  
e q u a tio n s , i t  was found t h a t  a l l  th e  sed im en ts  f e l l  i n to  t h e  sha llow  
w a te r  m arine f i e l d ,  th e  beach  f i e l d  o r  th e  f i u v i a t i l e  f i e l d .  In  
a d d i t io n ,  a lm ost every  sed im en t f e l l  i n to  th e  tu r b i d i ty  c u r r e n t  f i e l d  
on s u b s t i t u t i n g  in  e q u a tio n  4 . As t h i s  i s  in c o n s i s t e n t  w ith  every  
o th e r  f e a tu r e  of th e  S ta irw ay  S and sto n e , i t  must be  concluded  th a t
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e i t h e r  th e  S ta irw ay  S andstone  i s  an  e x c e p tio n  to  t  he r u l e ,  o r  
e q u a tio n  4 i s  i n c o r r e c t .  T h e re fo re , on ly  s u b s t i t u t i o n s  in  
e q u a tio n s  1 , 2 and 3 a re  re g a rd e d  as b e in g  s i g n i f i c a n t .  The 
v a lu e s  o b ta in e d  f o r  Yu i n  S ta irw a y  S andstone  sed im en ts  and th e  
en v iro n m en ta l s ig n i f i c a n c e  o f th e  v a lu e s ,  a r e  g iven  i n  T able 5 
(a p p e n d ix ) .
The m a jo r i ty  o f  n o n -p h o sp h a tic  sed im en ts  g iv e  v a lu e s  c o n s i s te n t  
w ith  a sh a llo w  m arine  o r ig i n  -  t h i s  i s  p a r t i c u l a r l y  t r u e  f o r  th e  v e ry  
f in e  g ra in e d  s a n d s . One o f t h e  co a rse  b a s a l  sands (A Pl/fl03/5) f a l l s  
in to  b o th  th e  sh a llo w  w a te r  m arine f i e l d  and th e  beach f i e l d  and 
A P l/648 /6  has a  Yu v a lu e  w hich in d ic a te s  a f l u v i a t i l e  environm ent 
( th e  c o a rs e  sands a s s o c ia te d  w ith  p h o sp h a tic  sed im en ts  g iv e  Yu 
v a lu e s  f o r  b e a c h ) .  Thus i t  i s  ap p a re n t t h a t  th e  c o a rse  b a s a l  sands 
have some b e a c h , sh a llo w  w a te r  m arine (down to  d ep th s  of 300 f e e t ) ,  
and f l u v i a t i l e  c h a r a c t e r i s t i c s .  The f in e  sands o f  th e  m iddle and 
u p p e r S ta irw ay  (and th e  f in e  sands w ith in  p h o sp h a tic  p e l l e t s )  e x h ib i t  
sh a llo w  w a te r  m arine c h a r a c t e r i s t i c s  o n ly .
Summary
There a re  two main c l a s s e s  of sands = c o a rse  sands and v e ry  
f in e  sa n d s .
The c o a rse  sands o ccu r in  th e  lo w er S ta irw ay  Sandstone and a re  
m ain ly  m o d e ra te ly  s o r ta d ,  n e a r  sym m etrica l m e so k u rtic  san d s . The 
environm ent in  w hich th e s e  sands were d e p o s ite d  and a c q u ire d  t h e i r  
te x tu r e s  has undergone l i t t l e  or no su b se q u en t m o d if ic a t io n .  By 
com bining th e  c o n c lu s io n s  reach ed  from  Mason and F o lk  (1 9 5 8 ), 
Friedm an (1962 )and Sahu (1964) i t  i s  a p p a re n t t h a t  th e  c o a rse  sands
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were p ro b a b ly  d e p o s ite d  on a beach  o r sha llow  w a te r  m arine  environm ent
I
w ith  a  few  r a r e  c o a rs e  sands b e in g  su b je c te d  t o  some f l u v i a t i l e  (o r  
p erh ap s t i d a l  ch an n e l) in f lu e n c e »
The f in e  sands o f th e  m idd le  S ta irw ay  a re  m o d e ra te ly  or 
m o d e ra te ly  w e ll so rted *  s t r o n g ly  f i n e  skewed le p to -m e s o k u r tic  sands* 
T his s u g g e s ts  t h a t  a m ixing o f sed im en ts  from tw o  o r more en v iro n ­
m ents h as  occurred* Such a m ixing commonly o ccu rs  i n  a la g o o n a l 
o r bay environm ent»
The f in e  sands of th e  u p p e r  S ta irw ay  Sandstone a re  m o d e ra te ly  
w e ll so rted *  n e a r  sy m m etrica l m e so k u rtic  sands» T here i s  no 
s u g g e s tio n  o f any m ix ing  o f environm ents»  The most l i k e l y  
environm ent f o r  th e  f in e  sed im en ts  i s  sh a llo w  w ate r m arine la g o o n a l 
o r s h e lf»
T here a re  no m ajo r env ironm ent changes a p p a re n t betw een th e  
co a rse  and th e  f in e  sed im en ts  -  th ey  r e p re s e n t  2 o r  3 f a c e t s  o r
m icroenvironm ents o f th e  same o v e ra l l  m acro-env ironm ent
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CHAPTER 5
PALAEOCÜRRENT AHD RELATED BASINAL STUDIES IN THE STAIRWAY SANDSTONE 
General
In order to understand fully the implications of palaeocurrent 
directions obtained from a study of cross-bedding, it is also 
necessary to consider maps of other current-induced properties of 
the Stairway Sandstone. Isopachous and lithofacies maps are 
particularly relevant; iso-set and iso-angle maps are also 
considered to be of value.
Isopach studies
The isopachous map on the whole of the Stairway Sandstone 
(Pig.12) shows a considerable thickening of the formation to the 
north with a marked cut-off on the Western Macdonnell Ranges (due 
to the Alice Springs Orogeny). In the eastern side of the basin, 
the formation has been removed by erosion subsequent to the pre- 
Mereenie Sandstone uplif t, so that data is not now available from 
a considerable portion of the area in which the Stairway Sandstone 
was originally deposited.
It is impossible to derive the precise form of the Stairway 
Sandstone palaeoslope directly, but it is a reasonable assumption 
that the isopachs reflect approximately the palaeoslope. It 
therefore follows that the deepest Stairway Sandstone seas lie in 
the northern part of the basin. However, it is not impossible 
that the thick section in the north may also reflect a more rapid 
rate of subsidence.
Fig,13A shows the limits of the maximum extensions of the
M a p  show ing  successive l imi ts  o f  
S ta i r w a y  s e d im en ta t i on F i g . 13
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lower middle and upper Stairway seas and indicates that the 
lower and middle seas were fairly restricted whereas the upper 
Stairway sea was extremely widespread.
It is apparent from the lower Stairway isopachous map 
(Fig.l3B) that following the deposition of the Horn Valley Siltstone, 
a large shallow embayment formed in the south-east part of the basin. 
The extremely uniform thicknesses of the lower Stairway suggests 
that the palaeoslope was probably extremely gentle and that the 
lower sand body was of the ’’blanket” type with very uniform 
conditions prevailing over a wide area.. The palaeoslope was at 
the most (not allowing for differential subsidence) 1 foot per 
mile and was probably considerably less (if subsidence is allowed 
for). These gradients are in the order of slopes found in ancient 
epeiric seas (Shaw, 1964).
The isopachous map on the middle Stairway (Fig.l4A) shows 
a more complicated picture, with the suggestion of some sort of 
stratigraphic thinning along a fairly definite line north through 
the Seymour Hange and the Chandler Range and then along a more 
conjectural north-west line through the northern part of the James 
Range. Whether this thinning is merely due to non-deposition or 
the development of a topographic high is uncertain. This line 
of thinning effectively divides up the Amadeus Basin into a 
western basin with a fairly thick sequence of sediments and with 
no evidence of restriction to the open sea; a north-eastern 
area in which there is also a considerable thickness of sediments; 
and also a south-easterly embayment with a very thin sequence of 
sediments. The relation of the rock types to these sub-basins
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i s  shown i n  F ig .  16. From t h i s  i t  i s  e v id e n t  t h a t  th e  zone o f  m iddle 
S ta irw ay  th in n in g  i s  a l s o  the  zone of maximum c a rb o n a te  p r e c i p i t a t i o n .  
This may he due t o  th e  c a rb o n a te s  fo rm ing  on a to p o g ra p h ic  h ig h .  The 
c a rb o n a te s  a r e  n o t  however r e e f  l im e s to n e s  -  th e y  a r e  m ainly  t h i n -  
bedded f i n e l y  c r y s t a l l i n e  d o lo m ite s .  T h e re fo re  t h i s  zone may a l s o  
be due to  th e  f a c t  t h a t  i t  was a zone o f  minimum te r r ig e n o u s  
s e d im e n ta t io n  so t h a t  chem ica l p r e c i p i t a t i o n  was th e  predom inant 
s e d im e n ta t io n  p r o c e s s .
The up p er  S ta irw ay  isopachous  map (F ig ,14B) shows l i t t l e  
r e l a t i o n s h o p  to  t h a t  o f  t h e  Middle S ta i rw a y .  The s u b -b a s in  i n  the 
so u th e rn  p a r t  of th e  Amadeus B as in  has been d e l in e a t e d  from on ly  a 
few known th i c k n e s s e s  and in  a d d i t i o n  th e  s t r a t i g r a p h y  in  p a r t s  of 
th e  s o u th e rn  m argin  of th e  b a s in  ( t h e  Mount Sunday Range a re a )  i s  a 
l i t t l e  u n c e r t a in ;  t h e r e f o r e  to o  much s i g n i f i c a n c e  should not be 
a t t a c h e d  to  i t  a t  t h i s  s t a g e .  I t  would ap p ea r  however t h a t  some 
th in n in g  of sed im en ts  o c c u rre d  a lo n g  an e a s t - w e s t  l i n e  run n in g  
th rough  th e  m idd le  of th e  b a s i n .  There i s  a v e ry  d e f i n i t e  th ic k e n in g  
of th e  up p er  S ta irw ay  on the  n o r th e r n  m arg in  o f  th e  b a s in  so th a t  
o v e r a l l ,  th e  u p p e r  S ta irw ay  re sem b les  th e  low er S ta irw ay  a l th o u g h  
th e  sed im ents  a r e  b o th  more w idesp read  and t h i c k e r .
L i th o f a c i e s  v a r i a t i o n s
The p a u c i ty  o f  ou tc ro p  p re v e n ts  an y th in g  more th a n  a v e ry  
approxim ate l i t h o f a c i e s  map b e in g  drawn up f o r  th e  whole o f  t h e  
S ta irw ay  Sandstone ( F i g . 1 5 ) .  To some e x te n t  t h i s  g iv e s  a f a l s e  
im p re s s io n  of S ta irw ay  Sandstone s e d im e n ta t io n  f o r  the map su g g es ts  
t h a t  t h e  p r e s e n t  n o r th e rn  m arg in  o f  th e  Amadeus B as in  was a l s o  the
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LITHOFACIES MAP- STAIRWAY SANDSTONE 
Sand shale ratio F ig .15
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Ordovician margin. This has been shown not to be the case (see 
Figs. 13-14). The high sands shale* ratios in the northern part of 
the basin are entirely due to the considerable thickening of the 
upper Stairway Sandstone to the north. The high sandsshale ratios 
on the southern margin are mainly a reflection of the absence of 
the predominantly silty middle Stairway. Therefore any lithofacies 
interpretation based on Fig.15 must be treated with caution; it 
does however show that the most lutaceous part of the basin is in 
the middle. Source areas for the sediments may have been situated 
on all sides of the basin except to the north-west, where it appears 
that the basin was connected to the open sea. The impression of a 
north-west to south-east embayment is strangtbened by the form of 
the lithofacies map. This form suggests that the palaeocurrent 
direction is in part parallel to the axis of the embayment or basin.
A very much more valuable picture would be obtained by drawing 
up lithofacies maps (both sandsshale and clastic to non-clastic) for 
the lower, middle and upper Stairway Sandstone, but this is at present 
impossible because of the lack of data. Superficial examination of 
the lithofacies picture in these three units suggest that the lower and 
upper Stairway, whilst showing very little variation in sandsshale 
ratio, would nevertheless show progressive decrease of sand to the 
north and west. The middle Stairway Sandstone would show a. marked 
increase in sand to the south-east and would show its highest 
proportion of non-clastics in the Seymour Range area (also the 
approximate area of the lowest sandsshale ratio for the whole of 
the Stairway Sandstone - Fig.15).
¥. The term "sand-shale" is used because it is in general usage - 
it should not betaken as implying fissility in the lutites.
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The d i s t r i b u t i o n  of th e  ro c k  ty p e s  w ith in  th e  m iddle S ta irw ay  
Sandstone i s  shown in  F i g , 16, and i t  i s  ap p a re n t t h a t  th e r e  i s  a 
change from  m arine s h a le s  i n  th e  n o r th -w e s t to  ca rb o n a te s  and 
p a r a l i c  red -b ed s  i n  th e  s o u th - e a s t ,
P a la e o c u rre n t s tu d ie s
W ith th e  e x c e p tio n  of th e  c o a rs e  sands i n  th e  lo w er S ta irw ay  
S an d sto n e , c ro s s -b e d s  a re  b o th  f a i r l y  r a r e  and p o o rly  developed . 
T h e re fo re  i t  i s  on ly  p o s s ib le  to  draw up a p a la e o c u r re n t  map fo r  
th e  S ta irw ay  Sandstone as  a  w hole.
F i g .12 shows th a t  i n  g e n e ra l th e  tr e n d  in d ic a te s  c u r r e n ts  coming 
from  th e  s o u th -e a s t .  This d i r e c t i o n  i s  p a r t i c u l a r l y  e v id e n t i n  the  
s o u th -e a s t  and n o r th -w e s t p a r t s  o f th e  b a s in ;  i n  s e v e ra l p la c e s  t h i s  
s o u th -e a s t  t o  n o r th -w e s t d i r e c t i o n  i s  p a r a l l e l  to  th e  is o p a c h s . In  
th e  m iddle zone o f  th e  b a s in  t h e  c u r re n t  p a t t e r n  becomes somewhat 
i r r e g u l a r  and th e re  i s  a f a i r l y  s tro n g  n o r th e r ly  component (and a 
m inor s o u th e r ly  component in  p l a c e s ) , T h is  n o r th e r ly  component 
( i . e .  c u r r e n t  flo w in g  from th e  so u th )  would in d i c a te  c u r r e n ts  f lo w in g  
down th e  p a la e o s lo p e  -  t h i s  i s  commonly found to  be th e  ca se  in  
c u r re n t s tu d ie s  ( P o t te r  and P e t t i j o h n ,  1 9 6 3 ), R eferen ce  to  th e  
iso p ach o u s maps of the  low er and u p p er S ta irw ay  (F ig s ,1 3 B  and 14B) 
su g g e s ts  t h a t  th e  c u r re n ts  from th e  s o u th -e a s t  may have b een  s tro n g  
and p e r s i s t e n t  in  th e  a re a s  w ith  minimum p a la e o s lo p e  g r a d ie n t .
These s o u th - e a s te r ly  c u r r e n ts  w ere p ro b ab ly  co m p le te ly  in d ep en d en t 
of th e  p a la e o s lo p e . However, on moving in to  an a re a  w here th e  
p a la e o s lo p e  was s te e p e r ,  t h e i r  d i r e c t i o n  became m o d ified  and was 
more dependent now on th e  p a la e o s lo p e .
F i g ,17 gives mean c u rre n t ro s e  d iagram s o f th e  p a la e o c u r re n ts
fig \ f
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f o r  th e  e n t i r e  b a s in .  A ll o f th e  ro s e  d iagram s show a f a i r l y  w ide 
sp read  o f r e s u l t s  (a s  i s  n o rm ally  th e  case  in  sh a llo w  m arine  
s e d im e n ts ) .  However i t  i s  e v id e n t th a t  th e  mean c u r re n t  d i r e c t i o n  
f o r  th e  w hole fo rm a tio n  was from th e  s o u th - e a s t .  The same so u th ­
e a s t e r ly  c u r r e n t  i s  a ls o  seen  in  th e  low er and u p p er S ta irw a y . By 
c o n t ra s t  th e  main c u r r e n t  d i r e c t io n  i n  th e  m iddle S ta irw ay  i s  from  
th e  n o r th - e a s t .  T his may in d i c a te  t h a t  to  some e x te n t  th e  
developm ent o f th e  th ic k  sands o f th e  low er and u p p e r S ta irw ay  i s  
dependent on th e  p a la e o c u r re n t  d i r e c t i o n .  The p re se n c e  o f ph o sp h a te  
in  th e  m iddle S ta irw ay  may a lso  be dependent in  p a r t  on th e  p a la e o c u r r e n t ;  
th e  n o r th - e a s t e r ly  c u r r e n t  may have been  th e  p h o sp h a te -b e a r in g  one. 
A l te r n a t iv e ly  th e  n o r th - e a s t e r ly  c u r r e n t  may have been  one w hich 
c a r r i e d  l i t t l e  t e r r ig e n o u s  m a te r ia l  so t h a t  th e re  was n o " d i lu t io n M 
of p h o sp h a te .
There i s  a lso  a s u g g e s tio n  from F i g .17 th a t  th e  s i z e of 
d e t r i t a l  g ra in s  i s  in  p a r t  dependent on th e  d i r e c t i o n  o f  th e  
p a la e o c u r r e n t ,  so  th a t  c o a rse  and v e ry  f in e  sands show a 
p a la e o c u r re n t  d i r e c t i o n  from  th e  s o u th -e a s t  w h i ls t  f in e  and medium 
sands g e n e ra l ly  show a c u r r e n t  d i r e c t i o n  from  th e  e a s t  ( i t  may 
be r e le v a n t  to  n o te  t h a t  bim odal sands g e n e r a l ly  have th e  modes 
v e ry  f i n e  sand and c o a rs e  s a n d ) .  T h is  change of g ra in  s iz e  w ith  
p a la e o c u r re n t  d i r e c t i o n  may be due to  the v a r i a t i o n  o f c u r re n t  
v e lo c i ty  w ith  th e  d i r e c t i o n  o r  could be a r e f l e c t i o n  o f  th e  
p ro v en an ce , i . e .  c o a rse  and v e ry  f in e  san d s a r e  d e r iv e d  from  th e  
s o u th - e a s t  w h ils t  f i n e  and medium sands a re  d e r iv e d  from  th e  e a s t .
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G ross-bed S tu d ie s
C ross-beds w ere s tu d ie d  a t  a  number o f  l o c a l i t i e s  th ro u g h o u t t  he 
b a s in  and in  a d d i t io n  to  th e  d ip  and azim uth  o f  th e  c ro s s -b e d  s e t s  
(n e c e ssa ry  f o r  th e  d e te rm in a tio n  o f p a la e o -c u r r e n t  d i r e c t io n s )  th e  ty p e  
of c ro s s -b e d d in g , th e  th ic k n e s s  o f  th e  c ro s s -b e d s  and th e  g ra in  s iz e  
of th e  c ro ss-b ed d ed  u n i t s  w ere a l l  n o te d  (se e  Table 9 , appendix)»
The c ro ss -b e d s  a re  m ain ly  of th e  curved  ta b u la r  o r  s t r a i g h t  
t a b u la r  type  (C rook, 1957), and cannot be re g a rd e d  a s  e n v iro n m e n ta lly  
s ig n i f i c a n t  excep t th a t  th e y  a  r e  of sub-aqueous o r ig i n .  S im i la r ly ,  
th e  v a lu e s  o b ta in ed  from  th e  a n g le  of i n c l i n a t i o n  of th e  c ro s s -b e d s  
cannot be reg a rd ed  as b e in g  o f  env iro n m en ta l s ig n i f ic a n c e  ex cep t th e  
av e rag e  v a lu e  o f 18° (ran g e  o f 14° to  22° -  see  T ab le  6 , appendix) 
in d ic a te s  t h a t  th e y  w ere formed in  a sub-aqueous environm ent (McBride 
and H ayes, 1 9 6 2 )o
The q u e s tio n  o f  v a r i a t io n  of p a la e o c u r re n t  d i r e c t i o n  w ith  g ra in  
s iz e  has a lre a d y  been  m entioned; in  a d d i t io n  c ro s s -b e d d in g  i s  common 
to  v e ry  common in  th e  c o a rse  g ra in e d  s a n d s to n e s , common i n  the  f in e  
to  very  f in e  g ra in e d  sa n d s to n e s , and p ro b a b ly  r a r e  i n  th e  medium 
g ra in e d  s a n d s to n e s .
The q u e s tio n  of w hether th e r e  i s  any v a r i a t io n  o f  an g le  of 
i n c l i n a t i o n  w ith  g r a i n s i z e  was n o t in v e s t ig a t e d .  When an i s o - a n g le s  
map i s  drawn up (F ig ,18A ) an i n t e r e s t i n g  though  p u z z lin g  p a t t e r n  emerges 
i n  which th e r e  a re  th r e e  low a n g le  zones ( l e s s  th a n  20°) and two 
in te rv e n in g  h igh  an g le  zones ( g r e a te r  th a n  2 0 ° ) .  These zones t r e n d  
ap p ro x im ate ly  so u th -w es t to  n o r th - e a s t ,  i , e ,  a t  r i g h t  a n g le s  to  th e
« I s o a n g le s  a r e  l i n e s  jo in in g  p o in ts  of th e  same a n g le  of i n c l i n a t i o n  
of th e  c ro s s -b e d s .
Iso d i p  m a p - c o v e r a g e  va l ues  of  d i p  o f  c r o s s -  beds 
t h r oughou t  t he S t a i r w a y  S a n d s t o n e F i g . 18 
A
Iso set  m a p -  a v e r a g e  v a l u e s  f o r  c r o s s - b e d s  
t h r o u g h o u t  the S t a i r w a y  S a n d s t o n e
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p a la e o c u r r e n t  d i r e c t i o n ,  and b e a r  no r e l a t i o n s h i p  w hatsoever  t o  th e  
isopachous  map.
The e x p la n a t io n  of t h i s  z o n a t io n  may be th a t  h igh  an g le  
zones co rrespond  to  a low energy environm ent w h i l s t  th e  low a n g le  
zones co rrespond  to  a h ig h  energy environm ent ( J o p l in g ,  1963).
The re a s o n  f o r  th e  change i n  energy  may have been a f u n c t i o n  of 
sea -b o t to m  topography b u t  i t  i s  more l i k e l y  to  have been due to  
t i d e s  and c u r re n ts»  I t  may b e  f e a s i b l e  t o  app ly  t h i s  p o s s ib le  
i n d i c a t i o n  of h ig h  c u r r e n t  a c t i v i t y  t o  th e  p hospha te  s e a rc h  f o r  th e  
s t r o n g e r  th e  c u r r e n t ,  th e  g r e a t e r  th e  winnowing a c t io n  and th e  
g r e a t e r  th e  phospha te  en r ic h m en t .  J o p l in g  (1963) has a l s o  shown 
t h a t  a n  i n c r e a s e  in  t h e  d ip  of c ro s s -b e d s  can be r e l a t e d  to  an 
i n c r e a s e  i n  th e  suspended lo ad  (p robab ly  due t o  an i n c r e a s e  i n  
v e l o c i t y  o f  t h e  c u r r e n t )  and a l s o  to  a sh a l lo w in g  o f  the  b a s i n ) .
The th ic k n e s s  of c ro s s -b e d  s e t s  were a l s o  p l o t t e d  up (F ig . lS B  - 
th e  i s o s e t 3* maps) , w ith  the  o r i g i n a l  i d e a  t h a t  th e  s e t s  would 
p o s s i b ly  show th ic k e n in g  tow ards t h e  sou rce  a re a  but t h i s  was n o t  
found t o  be th e  c a s e .  The i s o  s e t  map on th e  S ta irw ay  Sandstone as  
a whole shows a d i s t i n c t  resem blance  t o  th e  i s o a n g le  map excep t t h a t  
the  t r e n d  i s  more e a s t - w e s t .  There  i s  however no c o r r e l a t i o n  between
th e  th i c k n e s s  of th e  c ro s s -b e d  s e t  and th e  an g le  of i n c l i n a t i o n .
The l a t e r a l  v a r i a t i o n  i n  th ic k n e s s  of c ro s s -b e d  s e t s  w i th i n  
b o th  th e  low er and u p p e r  S ta irw ay  show a t r e n d  o p p o s i te  to  th e  
expec ted  one f o r  b o th  show a g e n e ra l  th i c k e n in g  of the  i s o s e t s
at I s o s e t s  a re  l i n e s  jo i n in g  p o in t s  w ith  the  same th i c k n e s s  of
c ro s s -b e d  s e t
Cross —beds in the upper  uni t
ISO SET M A P S - S T A I R W A Y  S A N  D S T O N E  
Cross —beds in the lower  uni t
Fig.  19
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to  th e  w est ( F ig .1 9 ) .  The re g io n  w ith  the th in n e s t  i s o s e t s  o f th e  
low er S ta irw ay  co rresp o n d s  f a i r l y  w ell to  th e  a re a  o f  th e  lo w er 
S ta irw ay  emhayment -  p erhaps a f a i r l y  low energy  zone . The p re sen ce  
of th e  i s o s e t  minimum in  th e  u pper S ta irw ay  may he s ig n i f i c a n t  as 
t h i s  "dep ression '*  shows a f a i r l y  g e n e ra l s o r t  o f c o r r e l a t i o n  w ith  
th e  zone o f minimum sands sh a le  r a t i o  (F ig . 15) and may a g a in  he a 
r e f l e c t i o n  on a low energy  zone so t h a t  c ro s s -h e d s  w ere p o o rly  
developed  and l u t i t e s  form  a h ig h  p e rc e n ta g e  of th e  sequence .
When i s o s e t s  a re  p lo t te d  f o r  p a r t i c u l a r  g r a in  s iz e s  th e re  
i s  somewhat l e s s  r e g io n a l  v a r i a t io n  ( F ig o20) su g g e s tin g  t h a t  s e t  
th ic k n e s s e s  a re  in  p a r t  dependent on g r a in  s i z e  (o r  on th e  c u r re n t  
v e l o c i ty ,  which in  tu rn  in f lu e n c e s  th e  g r a in  s i z e ) .  There a re  however 
a  v a r i e t y  o f  o th e r  f a c t o r s  such as th e  d u ra tio n  o f a c u r r e n t ,  th e  
su sp e n s io n  lo a d  of th e  c u rre n t o r bottom  topog raphy  w hich may 
in f lu e n c e  th e  th ic k n e s s  o f th e  s e t s .  The m a jo r ity  o f  th e  s e t s  of 
th e  f i n e  and v e ry  f i n e  g ra in  sands a re  5 .0  to  7 .5  in c h e s  t h i c k  
w h i ls t  th e  co a rse  and v e ry  c o a rse  sands have s e t s  10 to  15 in c h e s  
th i c k .  A part from  t h i s  v a r i a t io n  th e r e  i s  a l s o  a very  marked 
d i  f e re n c e  betw een g r a in  s i z e  c la s s e s  in  th a t  th e  i s o s e t s  of f i n e  
sands th ic k e n  to  th e  e a s t  w h i ls t  th e  c o a rs e  sands th ic k e n  to  th e  
w e s t. T h is  su g g e s ts  th a t  two d i s t i n c t  hydrodynam ic system s w ere 
o p e ra t iv e  a t  v a r io u s  tim es th ro u g h o u t th e  S ta irw a y  S andstone tim e s ,
-  one system  produced c ro ss -b ed d ed  c o a rse  g ra in e d  sands and th e  
o th e r  system  produced c ro ss-b ed d ed  f in e  g ra in e d  s a n d s . T h is  does 
n o t mean th a t  th e  env ironm ents w ere n e c e s s a r i ly  v e ry  d i f f e r e n t ;  
i t  i s  f o r  in s ta n c e  p o s s ib le  i n  th e  same beach environm ent to  g e t
ISO SET M A P S  -  S T A I  R W A Y  S A N D S T O N E  
C ross  beds  in f ine  and  v e ry  f ine  g r a in e d  sandstone
Fig.  2 0
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c ro s s -b e d s  in c l in e d  a t  e x a c t ly  th e  o p p o s ite  d i r e c t i o n  to  each  
o th e r  (Logvinenko and Remizov, 1 9 64 ). A l t e r n a t iv e ly ,  th e  v a r i a t i o n  
in  t h e  tre n d  of th e  i s o s e t s  may be a  r e f l e c t i o n  of th e  f a c t  t h a t  th e  
co a rse  sands a re  found p red o m in an tly  in  th e  low er S ta irw ay  which i s  
r e g r e s s iv e  w h i ls t  th e  f i n e  sands occur m ain ly  i n  th e  u p p e r S ta irw a y , 
which i s  t r a n s g r e s s iv e ,  though j u s t  how and why t h i s  would a f f e c t  
th e  i s o s e t  p a t t e r n  i s  unknown.
Summary
The iso pachous maps c l e a r ly  show t h a t  th e  p r e s e n t  l i m i t s  of 
th e  Amadeus B a s in  a re  n o t the  l im i t s  of S ta irw ay  Sandstone d e p o s i t io n .  
The low er S ta irw ay  s e a  was p ro b ab ly  f a i r l y  r e s t r i c t e d  and the  m iddle 
S ta irw ay  s e a  even more r e s t r i c t e d  w ith  ’'s u b -b a s in s "  d ev e lo p ed . The 
u pper S ta irw ay  S andstone sea  was v e ry  e x te n s iv e  and sp re a d  f a r  o u ts id e  
th e  p r e s e n t  l i m i t s  of th e  Amadeus B asin .
The l i t h o f a c i e s  map w h i ls t  t r e a t e d  w ith  some r e s e r v a t io n  shows 
th e  h ig h e s t  p e rc e n ta g e  o f  l u t i t e  i n  th e  m idd le  o f th e  b a s in  and a ls o  
em phasizes th e  n o r th -w e s t s o u th -e a s t  t r e n d  of th e  embayment. The 
c o n n e c tio n  to  th e  open se a  la y  to  th e  n o r th -w e s t .
The p a la e o c u r re n t  d i r e c t io n s  in d i c a te  flow  p red o m in an tly  from 
th e  s o u th -e a s t  to  th e  n o r th -w e s t ,  which was in d ep en d en t of th e  
p a la e o s lo p e  in  most a r e a s .  There i s  how ever some m o d if ic a tio n  o f  
t h i s  p ic tu r e  in  th e  c e n t r a l  p a r t  o f  th e  b a s in  where th e  p a la e o c u r re n ts  
have a n o r th e r ly  component w hich su g g e s ts  some flow  down th e  
p a la e o s lo p e  -  p o s s ib ly  i n  re sp o n se  to  a s te e p e n in g  of th e  s lo p e .
The main c u r r e n ts  ap p ea r to  have had a d i r e c t i o n  p a r e i l e l  to  th e  
a x is  of th e  embayment. The main so u rce  a re a  f o r  th e  sed im en ts  
p ro b a b ly  la y  to  the  e a s t  and s o u th - e a s t .  The is o - a n g le  map su g g e s ts
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the presence of alternations of high energy current and low 
energy current zones with a trend approximately at right angles 
to the palaeocurrent direction. The range of values of the angle 
of inclination is one normally met with in sub-aqueous cross- 
bedding.
The isoset maps possibly show that the variation of thickness 
of cross-bed sets may be influenced by whether the environment is 
"high energy" or "low energy". Whether the sea was regressive 
or transgressive may also have been an important factor, with 
the sets thickening in the direction in which the sea is "moving" 
(i.e. the direction of transgression or regression).
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CHAPTER 6
PHYSICO-CHEMICAL CONDITIONS
General
There are no precise environmental indicators present in the 
Stairway Sandstone. Some of the fossils may have been subject to 
quite fine physical or chemical limits but this type of detailed 
palaeontological data is not available. Therefore the mineralogy, 
grain size etc. of theStairway Sandstone have to be used as keys 
to the physico-chemical conditions (Pig,2l)•
Physical Conditions 
(a) Rate of Deposition
The Stairway Sandstone has a maximum thickness of approximately 
1800 feet and embraces a time-span of 20 million years. This is 
equivalent to an average rate of deposition of about 0.3 mm. per 
annum in the northern part of the basin (western Macdonnell Ranges 
area). In the vicinity of API the average rate of deposition 
would have been about 0.1 mm per annum. However, the grain size 
of many of the lower Stairway sands is in the order of 0.5 mm. 
diameter so that sedimentation was probably interrupted by a 
great deal of erosion in between periods of fairly rapid deposition. 
The presence of abundant cross-bedding in the coarse sands of the 
lower Stairway also suggests fairly rapid deposition at times.
The form and frequency of infauna is considered to be of value 
in the interpretion of rate of sedimentation (Middlemiss, 1962) .
The straighter the vermiform burrow the more rapid the sedimentation 
(e.g. as with Scolithus)g the more contorted the burrow the slower
VERTICAL VARIATION OF PHYSICO-CHEMICAL CONDITIONS IN THE
STAIRWAY SANDSTONE
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th e  r a t e  of s e d im e n ta tio n  (th u s  g iv in g  th e  b u rrow er g r e a te r  
o p p o r tu n i ty  f o r  rew ork ing  th e  sed im en ts)»  I f  s e d im e n ta tio n  i s  
ex tre m ely  ra p id  th e n  i t  i s  p o s s ib le  f o r  th e  in fa u n a  to  be 
co m p le te ly  d e s tro y ed  a s  i t  i s  u n ab le  to  keep p ace  w ith  s e d im e n ta tio n . 
On t h i s  b a s i s ,  in  th e  low er and u p p er S ta irw ay  th e  la c k  of bu rrow ing  
and th e  f a c t  t h a t  w hat burrow ing  th e r e  i s  i s  m ain ly  o f th e  v e r t i c a l  
v a r i e t y ,  su g g e s ts  t h a t  th e  r a te  of s e d im e n ta tio n  was f a i r l y  r a p id .
The abundance o f burrow ing  i n  th e  m iddle S ta irw ay  S andstone 
s u g g e s ts  t h a t  th e  s e d im e n ta tio n  was ex trem ely  slow . T his view  
i s  su p p o rted  by th e  d i s t r i b u t i o n  of p hosphate  ( r a r e  in  th e  low er 
and u p p er S ta irw ay  and abundant i n  th e  m iddle S ta i rw a y ) , abundant 
p h o sp h a te  commonly b e in g  ta k e n  as ev id en ce  o f  a slow  r a te  of 
d e p o s i t io n .
I n  some c irc u m sta n c e s  th e  abundance of f o s s i l s  may b e  ta k e n  
as an  i n d i c a t io n  o f  r a p id  b u r i a l 5 i t  may however a l s o  be an 
i n d i c a t io n  o f  ra p id  b u r ia l .| i t  may how ever a lso  b e  an  in d ic a t io n  
o f optimum c o n d itio n s  f o r  th e  developm ent o f a r i c h  fa u n a , o r  o f 
la c k  of sc a v e n g e rs , o r  o f mass m o r t a l i t i e s .  The p re sen ce  o r 
absence  of f o s s i l s  can n o t th e r e f o r e  be used w ith  any r e l i a b i l i t y  
f o r  th e  i n t e r p r e t a t i o n  o f  p h y sico -ch e m ic a l c o n d i t io n s .
(b ) The v a r i a b i l i t y  of c o n d itio n s
The p re sen ce  of g rad ed  bedd ing  (o f  th e  n o n - tu r b id i te  ty p e )  
may be ta k en  a s  ev id en ce  of p red o m in an tly  t r a n q u i l  c o n d i t io n s .  
However th e  co n v erse  d o es  n o t a p p ly , i , e ,  th e  absence of graded 
bedd ing  ( th e  case  th ro u g h o u t most of th e  S ta irw ay  S andstone) 
cannot be ta k e n  as ev id en ce  o f v ig o ro u s  c o n d i t io n s .  The number
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of sedimentation units per unit interval may give some indication 
of the variability of conditions and Fig.23 suggests that conditions 
were fairly variable throughout the formation and particularly in 
the middle part where there are numerous alternations of thin beds 
of arenite, lutite or phosphorite,
(c) Current velocities
Some idea of the current velocities operating during Stairway 
Sandstone times may be obtained from the grain size by using the 
curves computed by Hjulstrom (1939). The modal grain size (which 
may reflect the average current velocity) indicates the current 
velocity ranged from 7 cms/sec. in the lower and upper Stairway 
down to 0o4 cms/sec, in the middle Stairway. The current 
velocities obtained by use of the maximum grain size range from 
30 cms/sec, in the lower Stairway to 10 cms/sec, in the Upper 
Stairway and to about 1 cm/sec. in the middle Stairway.
If phosphatic pellets are considered as detrital grains (as 
has been suggested by Crook, 1964), a very different pattern 
emerges with velocities of up to 150 cms/sec. being postulated 
to move the pellets. Velocities of this order are considered to 
be highly unlikely and the present author believes that the pellets 
are not detrital. This is discussed in more detail later 
(Chapter 8),
(d) Bathymetry
The Stairway Sandstone has many indications of extremely 
shallow water sedimentation such as ripple marks , and tracks 
and trails of the mud flat type. It is also possible to fit 
the sedimentary sequence into the barrier-bay, the inter-tidal
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f l a t  o r th e  e p e i r i c  se a  env ironm ents (see  C hapter 7) a l l  of which 
a r e  shallow » Cloud (1955) has su g g e s te d  th a t  g la u c o n ite  may form 
betw een d ep th s  of 5 fathom s and 1000 fathom s h u t th a t  i t  i s  most 
l i k e l y  to  form betw een 10 and 200 fathom s so th a t  th e  g la u c o n i t ic  
p a r t s  o f  the  low er S ta irw ay  w ere p ro b ab ly  d e p o s ite d  a t  d ep th s  
w ith in  t h i s  range»
Kazakov (1937) has su g g es ted  th a t  p h o s p h o r ite s  foim  betw een 
d ep th s  o f 50 and 200 m e tres  bu t McKelvey, e t  a l .  (1959) have 
su g g es ted  th e  dep th  range i s  200-1000 m e tre s . I t  i s  p ro b ab le  
th a t  much o f  th e  S ta irw ay  S andstone was d e p o s ite d  in  d ep th s  s im i la r  
to  th o s e  su g g es ted  by Kazakov (1937) r a th e r  th a n  th o se  o f  McKelvey, 
e t  a l*  (1959)* The abundance of p h o s p h o r ite s  i n  th e  m iddle 
S ta irw ay  may in d i c a te  a  g r e a t e r  d ep th  th an  i s  th e  case  f o r  th e  
u p p e r  o r low er S ta irw ay  w here th e r e  a re  few p h o s p h o r ite s  and 
abundant in d ic a t io n s  of v e ry  sh a llo w  w a te r  s e d im e n ta tio n . However, 
th e  d is c u s s io n s  in  C hap ter 7 r e v e a l  t h a t  i n  th e  e p e i r ic  sea  or 
i n t e r t i d a l  f l a t  m odel, th e  m iddle S ta irw ay  may be a sh a llo w e r w a te r 
environm ent th a n  t h a t  o f th e  low er or u p p e r S tairw ay»
(e) T em perature
Cloud (1955) has shown th a t  g la u c o n ite  i s  o f  l i t t l e  v a lu e  as 
an in d i c a to r  of te m p e ra tu re  except th a t  i t s  fo rm a tio n  i s  l i k e l y  
to  b e  in h ib i te d  in  ’’m arkedly  warm” w a te r s .  P h o sp h o rite s  a re  
most commonly found w ith in  th e  p a la e o - c l im a t ic  b e l t  co rre sp o n d in g  
ap p ro x im a te ly  to  th e  p re s e n t-d a y  zone 30°N to  30°S . W ith in  t h i s  
zone th e  w ater te m p e ra tu re s  i n  sh a llo w  m arine s e a s  range  from  
f a i r l y  waim to  v e ry  warm (ab o u t 7 5 °P ). The p re sen ce  o f re d -b e d s , 
d o lo m ite s  and su p e r-m a tu re  o r th e - q u a r tz i t e s  a i l  su g g es t t r o p i c a l
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o r s u b - t r o p ic a l  c lim a te s  w ith  a s s o c ia te d  warm to  very  warm 
sh a llo w  m arine s e a s .
Chem ical C o n d itio n s
(a) S a l i n i t y
T here a r e  few in d ic a t io n s  o f abno rm ally  h ig h  s a l i n i t i e s  in  
most o f th e  S ta irw ay  S andstone . T here i s  some ev id en ce  of 
e v a p o r i te s  e a s t  o f Mount C h a r lo t te  on th e  sou th -east m argin  o f  
th e  b a s in ,  where a s u r fa c e  o u tc ro p  o f th e  m idd le S ta irw ay  re d -b e d s  
i s  g y p seo u s5 t h i s  may in d i c a te  l o c a l l y  h ig h ly  s a l in e  c o n d itio n s  
w ith in  th e  Mount C h a r lo t te  embayment. Some o f th e  d o lo m ite s  and 
d o l o l u t i t e s  of the  m iddle S ta irw ay  may be p r e c i p i t a t e s  r e s u l t i n g  
from  abnorm al s a l i n i t i e s »  There i s  a ls o  ev idence  of u n co n g en ia l 
c o n d itio n s  f o r  m arine  fau n a  a t  th e  tim e o f c a rb o n a te  d e p o s i t io n  a s  
th e  o n ly  f o s s i l s  a re  g e n e ra l ly  ex trem ely  sm all g a s tro p o d s . T here 
i s  no ev idence o f  abnorm al s a l i n i t i e s  i n  th e  low er o r u pper S ta irw a y .
(b) pH c o n d itio n s
The work of Krumbein and G a rre ls  (1952) has g r e a t ly  a s s i s t e d  
th e  d e l in e a t io n  of th e  chem ical c o n d itio n s  a t  th e  tim e  o f d e p o s i t io n  
o f s e d im e n ts ? such ch em ica l sed im en ts  as  lim e s to n e  and p h o sp h o r ite s  
a re  o f p a r t i c u l a r  im p o rtan ce  ( F ig .2 2 ) .
Chem ical sed im en ts  a re  f a i r l y  r a r e  in  th e  low er S ta irw ay  w ith  
on ly  m inor p y r i t e  and p h o s p h o r ite  b u t w ith  f a i r l y  common i n t e r ­
g r a n u la r  c a l c i t e  and s i l i c a .  The m in o r p y r i t e  and p h o sp h o r ite  
su g g e s t th a t  c o n d i t io n s  were in  p a r t  a t  l e a s t  m o d e ra te ly  a lk a l in e  
w ith  th e  pH ra n g in g  from  7 ,0  to  7 .8» Some of th e  p h o sp h a tic  
p e l l e t s  m ight be d e r iv e d  from  o th e r  p a r t s  o f th e S ta irw a y  S andstone 
b a s in  bu t t h i s  i s  th o u g h t to  b e  of o n ly  m inor im p o rtan ce  (se e
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C h ap te r 8 ) 0 Some o f th e  p y r i t e  o o l i th s  i n  th e  s a n d s to n e s  may 
he produced hy rew ork ing  of th e  u n d e r ly in g  H0rn  V a lley  S i l t s t o n e  
which c o n ta in s  abundant p y r i t e  o o l i t h s ,  b u t th e  o o l i th s  show no 
s ig n s  of m ech an ica l a t t r i t i o n  to  su p p o rt th e  ‘'rew ork ing" h y p o th e s is«  
The sed im en ts  a re  th e r e f o r e  p ro b ab ly  a  f a i t h f u l  r e f l e c t i o n  o f th e  
chem ical c o n d itio n s  p re v a le n t  a t  th e  tim e  o f  d e p o s itio n «  The 
in t e r g r a n u la r  c a l c i t e  p o s s ib ly  su g g e s ts  t h a t  below  th e  w a te r /  
sed im ent i n t e r f a c e  c o n d it io n s  may have been  s l i g h t l y  more a lk a l in e  
w ith  a pH g r e a t e r  th a n  7 .8 .  C o n d itio n s  th ro u g h o u t most o f  low er 
S ta irw ay  tim es w ere p ro b ab ly  m ain ly  f a i r l y  open c i r c u l a t i o n  
c o n d itio n s  w ith  norm al open s e a  pH v a lu e s  which ac c o rd in g  to  
Krumbein and G a rre ls  (1952) range  from 7*8 to  8.4«
In  th e  m iddle S ta irw ay  th e  abundance of p h o s p h o r ite s  su g g e s ts  
th a t  c o n d itio n s  were g e n e r a l ly  w ith in  th e  pH ran g e  of 7«0 to  7«8 
f o r  most of th e  t im e  a lth o u g h  th e  developm ent o f  f a i r l y  common 
c a rb o n a te s  in  th e  Seymour Range (Fig«, 16) su g g e s ts  th a t  c o n d itio n s  
may have become more a lk a l in e  to  th e  s o u th - e a s t  w ith  pH v a lu e s  in  
th e  o rd e r  o f  8 ,0  o r  g re a te r«
The u p p er S ta irw ay’ i s  v e ry  s im i la r  t o  th e  low er S ta irw ay  
though in t e r g r a n u la r  c a rb o n a te  i s  l e s s  common and p h o sp h o r ite s  
a re  more common« The pH v a lu e  was p ro b ab ly  w ith in  th e  range 7 .0  
to  7 .8  f o r  much of th e  tim e«
(c) Eh c o n d itio n s
The p re sen ce  o f g la u c o n i te ,  and p y r i t e  o o l i th s  (and p o s s ib ly  
some m a rc a s ite  o o l i t h s )  su g g e s ts  re d u c in g  c o n d it io n s  i n  th e  lo w er 
S ta irw ay  w ith  Eh v a lu e s  ra n g in g  from  about ~0«1 to  -0 « 3 . The 
abundant i n t e r g r a n u la r  s i l i c a  would a l s o  su p p o r t th e  su g g e s tio n
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of re d u c in g  c o n d i t io n s .
Much o f th e  m iddle S ta irw ay  c o n ta in s  abundan t p y r i t e  and 
o rg a n ic  m a tte r  ( in  th e  b la c k  s h a le s  and w ith in  th e  p h o sp h o r ite  
p e l l e t s )  bu t g la u c o n ite  i s  ab sen t»  T h is  su g g e s ts  t h a t  c o n d itio n s  
w ere s t r o n g ly  re d u c in g  w ith  an Eh range  of -0„2  to  - 0 .4 .  However 
th e  p re se n c e  o f th e  * 'red~bedsn in  th e  Mount C h a r lo t te  embayment 
a lth o u g h  p ro b ab ly  m a in ly  due to  l a t e r i t i c  w ea th e rin g  in  th e  so u rce  
a r e a ,  may a l s o  i n  p a r t  be in d i c a t iv e  o f an  o x id iz in g  environm ent« 
T h e re fo re  th e  Eh p ro b ab ly  in c re a s e d  to  th e  s o u th -e a s t  in  m iddle 
S ta irw ay  tim es  and a t t a in e d  p o s i t i v e  v a lu e s  in  th e  v i c i n i t y  o f  
Mount C h a r lo t te .
Eh c o n d itio n s  i n  u p p e r  S ta irw ay  tim es w ere s im i la r  to  th o se  
of low er S ta irw ay  tim e s  w ith  f a i r l y  common p y r i t e  (w ith  some 
m a rc a s ite )  and g la u c o n ite  ( e .g .  i n  th e  M o u n tC h ario tte  a r e a ) .  T hese , 
to g e th e r  w ith  th e  p re se n c e  o f  o rg a n ic  m a t te r  im ply  a re d u c in g  
en v ironm en t. The p re se n c e  o f  s i d e r i t e  i n  p la c e s  su g g e s ts  th e  
environm ent may have been  l e s s  s t r o n g ly  re d u c in g  than  th a t  o f th e  
low er S ta irw a y , w ith  Eh v a lu e s  in  th e  range 0 to  - 0 .2 .
Summary
The p h y s ic o -c h e m ic a l c o n d itio n s  i n  S ta irw ay  S andstone tim es  
may be sum m arized as fo l lo w s s -
Lower S ta irw ay  C o n d itio n s
(a )  R ate  of d e p o s i t io n  -  f a i r l y  ra p id  ( g r e a te r  th a n  «1 mm
p e r annum)
(b ) C o n d itio n s  -  f a i r l y  c o n s ta n t
(c) C u rren t v e l o c i t i e s  -  5 to  30 cm s/sec .
(d) Depth -  sh a llo w  -  p o s s ib ly  10 -  200 fathom s
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(e) T em perature -  p ro b ab ly  v e ry  warm (75°F p lu s )
( f )  S a l i n i t y  -  norm al
(g) pH -  norm al open sea  v a lu e s  -  s l i g h t l y  a lk a l in e  w ith
a ran g e  o f 7 „8 to  8 ,4
(h) Eh -  g e n e ra l ly  re d u c in g , w ith  an Eh range  of - 0 ,1
to  - 0 ,3 ,
M iddle S ta irw ay  c o n d itio n s
(a ) R ate of d e p o s i t io n  -  p ro b ab ly  v e ry  slow  ( le s s  th a n
,1 mm p e r  annum)
(b) C o n d itio n s  m o d e ra te ly  v a r ia b le
(c) C urren t v e l o c i t i e s  -  g e n e ra l ly  0 o5 to  1 ,0  cm s/see . b u t
o c c a s io n a l ly  h ig h e r
(d) Depth -  sh a llo w  w ith  a range o f  50 to  200 fathom s
(e) T em perature -p ro b a b ly  warm (up to  75°F)
( f )  S a l i n i t y  -  norm al except to  th e  s o u th -e a s t  in  th e
Mount C h a r lo t te  embayment where th e y  may have 
been  f a i r l y  h ig h
(g) pH -  s l i g h t l y  a l k a l in e ,  g e n e r a l ly  7 ,0  to  7 ,8  b u t
in c r e a s in g  to  th e  s o u th - e a s t  to  8 ,0  o r  h ig h e r ,
(h) Eh -  g e n e ra l ly  s t ro n g ly  re d u c in g  w ith  an Eh range of
- 0 ,2  to  - 0 ,4  b u t p o s s ib ly  becom ing more o x id iz in g  
to  t h e  s o u th - e a s t  w here th e  Eh v a lu e  may get as 
h ig h  as +0.1
U pper S ta irw ay  C ond itio n s
(a) R ate  o f d e p o s i t io n  -  r e l a t i v e l y  ra p id  ( in  th e  o rd e r
o f ,1 mm p e r  annum)
(b) C o n d itio n s  -  f a i r l y  c o n s ta n t
(c )  C u rren t v e l o c i t i e s  *= g e n e ra l ly  ran g e  from 5 to  10
cm s/sec ,
(d) D epth -  v ery  sh a llo w  -  p o s s ib ly  as  sh a llo w  a s
10 - 200 fathom s
(e )  T em perature -  p ro b ab ly  v e ry  warm (75°F p lu s )
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( f )  S a l in i t y  -  norm al
(g) pH -  s l i g h t l y  a lk a l in e  range  o f  7*6 to  8*4
(h ) Eh -  s l i g h t l y  re d u c in g  w ith  an Eh o f 0 to  -0 *2
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CHAPTER 7
THE REPO SI TIP NAL EHVI RONMEHT OF THE STAIRWAY SANDSTONE
G eneral
B oth s u b -su r fa c e  and f i e l d  in fo rm a tio n  a re  v a lu a b le  in  
th e  i n t e r p r e t a t i o n  of sed im en ta ry  en v iro n m en ts» The b a s ic  
to o l  i s  th e  d e t a i l e d  g rap h ic  lo g  (s e e  appendix  IV ), com piled 
from  A PI, Bouma (1962) has used  th e  d e t a i l e d  lo g  approach
f o r  th e  d e l in e a t io n  o f t u r b i d i t y  c u r r e n t  en v iro n m en ts , b u t i t  
h a s  n o t ,  to  th e  a u th o r* s  know ledge, p re v io u s ly  been  u sed  in  th e  
i n t e r p r e t a t i o n  of sh a llo w  m arine  sed im ents«  The m ethodology, 
th e  m eaning o f th e  v a r io u s  symbols and th e  g ra p h ic  lo g s  may 
a l l  be found in  th e  appendix«
Any i n t e r p r e t a t i o n  of a  g rap h ic  lo g  o f  a v e r t i c a l  sequence 
such  as  API h in g e s  on W alth e rs  Law o f F a c ie s  ( W alth e r, 1893 -  
94) which in  e f f e c t  s t a t e s  t h a t  w here th e re  a re  no tim e b re a k s , 
sed im en ts  which succeed each o th e r  v e r t i c a l l y  must a ls o  succeed  
each o th e r  l a t e r a l l y ,  i » e 0 th e  v e r t i c a l  sequence i s  a r e f l e c t i o n  
o f th e  l a t e r a l  sequence« T his p rem ise  may th e n  be a p p lie d  to  th e  
com parison  o f  se d im en ta ry  m odels o b ta in e d  from  d a ta  on r e c e n t  
sed im en ts  »
I t  has a lre a d y  been  p o s s ib le  to  d e m o n stra te  from  th e  
p e tro g ra p h y , from th e  f o s s i l s ,  from th e  g e n e ra l l i t h o l o g i c a l  
p ic tu r e  and from  th e  s iz e  a n a ly se s  th a t  th e  S ta irw ay  S andstone 
i s  f o r  th e  most p a r t  a sha llow  m arine  sequence and th e r e f o r e  
th e  search  f o r  models may be l im i te d  to  Recent shallow  m arine 
sed im ents»  The sh a llo w  m arine environm ent in c lu d e s  such  
env ironm ents  as  open s h e l f ,  m arine d e l t a i c ,  t i d a l  f l a t ,
-  60 -
la g o o n a l and e s tu a r in e .  The l i t t o r a l  zone must a ls o  be c o n s id e re d  
i n  t h i s  c o n te x t .  I t  i s  p o s s ib le  to  d is t in g u is h  f o r  in s ta n c e  
betw een beach and la g o o n a l env ironm ents  by c r i t e r i a  such as s iz e  
a n a ly s e s .  However, in  m ost c a se s  i t  i s  im p o ss ib le  to  d i s t i n g u i s h  
betw een th e  v a r io u s  sh a llo w  w a te r m arine  env ironm ents by any s in g le  
m ethod. In  s p i t e  o f th e  in t e n s iv e  s tu d y  th a t  th e s e  sed im en ts  have 
been  s u b je c te d  to  i n ,  f o r  in s ta n c e ,  th e  G ulf of Mexico (e„g* Van 
Andel and C u rray , I9 6 0 ) ,  no c h a r a c t e r i s t i c  p a t te r n s  have em erged. 
Shepard (i9 6 0 ) has su g g es ted  th a t  i t  i s  p o s s ib le  t o  d i s t i n g u i s h  
betw een la g o o n a l and sh a llo w  s h e l f  sed im en ts  by th e  fo llo w in g  
c r i t e r i a :
(a ) Lagoonal sed im en ts  do n o t c o n ta in  g la u c o n ite  w hereas s h e l f  
sed im en ts  commonly do .
(b) Lagoonal sed im en ts  show good s t r a t i f i c a t i o n  (because  th e  
bottom  fau n a  i s  l a r g e ly  k i l l e d  o f f )  w hereas on th e  sh a llo w  s h e l f  
th e r e  i s  l i t t l e  o r  no s t r a t i f i c a t i o n  (because  i t  i s  d e s tro y e d  
by chewing o rg a n ism s) .
(c ) E v a p r ite s  form i n  s e m i-a r id  la g o o n s.
(d) Sandy c la y s  low in  s i l t s  a r e  common i n  lag o o n s b u t r a r e  i n  
th e  sh a llo w  s h e lf  env iro n m en t.
I t  i s  however n e c e s sa ry  to  have m ost o r a l l  of th e s e  f e a t u r e s  
b e fo re  i t  can be c o n f id e n t ly  s t a t e d  t h a t  th e  environm ent i s  la g o o n a l#  
V ish er (1965) g iv e s  a v a lu a b le  s e r i e s  of s e d im e n to lo g ic a l 
models f o r  u se  i n  en v iro n m en ta l r e c o n s t r u c t io n ,  a g a in  u s in g  th e  
o v e r a l l  p ic tu r e  o f s e d im e n ta tio n  to  d e l i n e a t e  th e  env ironm en t.
I t  i s  th e r e f o r e  n e c e ssa ry  to  d e te rm in e  th e  o v e r a l l
D
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sedimentary picture in the Stairway Sandstone before reconstructing 
the specific environment.
Transgression or Regression?
Evidence of some kind of repeated sequence is immediately 
apparent in the Stairway Sandstone, with the upper body of sand 
bearing a strong resemblance to the lower sand.
The form of ’'repeating mechanism” is elucidated by Pig.23.
The plot of the vertical variation of thickness of sedimentation 
units has been constructed from graphic log data and may give a 
qualitative guide to the stability or instability of conditions 
in a given interval ° the greater the number of sedimentation units 
per 10 foot standard interval, the greater the instability« It is 
however merely a guide to conditions as the thickness of the 
sedimentation unit is governed to a considerable degree by the grain 
size and also there is no record of sedimentation units which were 
eroded away shortly after deposition. What the plot does show 
however is the way in which the upper part of the formation is the 
mirror image of the lower part of the formation, with a point of 
symmetry at about 400 feet, close to the middle of the formation.
The striking similarity of the various parts of the lower half of 
the curve (a ) to the equivalent parts of the upper half of the curve 
(B) is shown in Fig.24.
Such a mirror image in a shallow marine sequence can only 
be in response to a transgressive-regressive or regressive- 
transgressive cycle. If the lower half of the formation is 
considered, it is evident from Pig.21 that there is a vertical 
variation (and from Walthers Law a lateral variation also) in a
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number of features.
The main vertical changes from lower to middle Stairway are as 
follows
(i) From predominantly arenite to predominantly lutite.
(ii) From coarse grained sands to fine silts and clays,
(iii) From "unchewed" sediments to strongly chewed sediments,
(iv) From non-phosphatic to phosphatic sediments®
(v) From glauconitic to non-glauconitic sediments.
Reference to the transgressive and regressive models of
Visher (1965) strongly suggests that the lower part of the formation 
is a regressive sequence. This is further supported by the fact 
that the coarsest sediments are found near the top of the lower 
Stairway, If the sequence was transgressive then the coarsest sand 
would occur at the base of the sequence (Visher9 1965), Conclusive 
proof is available from the field data - Fig«,13A shows that throughout 
most of the basinthe southern limit of the Horn Valley Siltstone 
(pre-Stairway Sandstone) very closely coincides with the southern 
limit of the lower and middle Stairway Sandstone.- This obviously 
would not be the case had a major transgression occurred at the 
base of the lower Stairway Sandstone, There is a very minor 
successive onlap of the lower and middle Stairway but this is 
probably a reflection of reworking of the underlying sediment 
on the margins of the lower and middle Stairway seas. Therefore 
it can be seen that the Stairway regression was not accompanied 
by a major offlap? in fact there was no change in the margin 
of deposition. Instead there was a shallowing of the seas and 
a seaward migration of near-shore environments. By contrast the
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upper Stairway Sandstone shows very strong onlap and in fact 
transgressed well aitside the present southern limits of the 
Amadeus Basin.
Therefore, the basic Stairway Sandstone sequence is 
regressive-transgressive„
Curray (l964) considers that transgressions and regressions 
are the result of one or more of the following factors? the rate 
of sedimentation, the intensity of oceanographic processes which 
will sort or disperse the sediments, the shape of the shelf and 
the rate and direction of changes in sea level. A modern regressive
sand from the Gulf of California has been described by Curray and 
Moore (1964); the regressive sand sheet foims by the rapid supply 
of sediment to longshore bars which coalesce and a new bar is 
formed seaward of the old bar so that a large sheet sand develops 
seawards. The basal regressive sand of the lower Stairway may 
have developed in such a way although the texture of the basal 
sands suggests an extremely mature sediment and a much slower rate 
of sedimentation than is the case in the Gulf of California. It 
is impossible at this stage to establish the factors causing the 
lower and middle Stairway regression.
With the generalized environmental condition (the mega­
environment) established, it is now possible to establish ihe 
macro and micro-environments from the graphic log.
The Sedimentation Unit
Otto (1938) defines the sedimentation unit as "that 
thickness of sediment which was deposited under essentially
constant conditions5" The smallest sedimentary division of
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the graphic lo g s  i s  equivalent to  the sedim entation u n it and in  
a l l ,  over 800 have been recognized in  the Stairway Sandstone 
(see  Appendix IV ). Very few of these 800 u n its  are ex a ctly  
the same and th erefore  i t  i s  extremely d i f f ic u l t  to  work out a 
simple environmental p ictu re  fo r  a sedim entation u n it or fo r  a 
group of sedim entation u n its*  A lso , as each sedim entation u n it  
has up to  30 parameters w ith in  i t ,  such as graded bedding, modal 
grain size^  maximum grain s iz e  e tc * , there are in  the order of 
25,000 sedimentary fea tu res to  consider in  the whole form ation.
The handling of such a mass o f data proved extremely d if f ic u lt*
Crook (1964) considered that ’’composite u n it s 5’ could he set  
up by making th e base of th e  u n it  the point where a s ig n if ic a n t  
r is e  in  maximum grain s iz e  occurs* In h is  method, phosphatic 
p e l le t s  were considered along with d e tr ita l  quartz, on the grounds 
that th e phosphate was d e tr ita l*  This meant in  most cases a 
phosphatic band a t th e base o f  th e "composite u n it" . By th is  
means Crook (1964) was able t o s e t  up 281 "composite un its"  which 
were fu rther grouped in to  30 in terva ls*
The present author considers that th e  phosphatic p e l le t s  
are not d e tr ita l  and that on th ese  grounds the approach o f Crook 
(1964) i s  not s t r i c t l y  v a l id  * However, the incoming of phosphate 
(whatever th e  process) denotes an important environmental event 
and th erefo re  because o f t h is ,  the base o f each s edim entation un it 
i s  marked by the incoming of a new phosphatic band ir r e sp e c t iv e  of 
the s i z e of the phosphatic p e lle t*  This gives a to ta l  o f 192 composite 
sedim entation u n its  (many of which are in  fa c t id e n tic a l ’with those of 
Crook (1964) in  sp ite  of the d ifferen ce  in  approach)* By considering
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a l l  th e  o th e r  se d im e n to lo g ic a l d a ta  i t  i s  p o s s ib le  to  s e t  up s i x  
b a s ic  ty p e s  o f com posite se d im e n ta tio n  u n i t s  (A -  F)„ The av e rag e  
s e d im e n to lo g ic a l c h a r a c t e r i s t i c s  of each o f  th e se  s ix  u n i t s  a re  
summarized i n  T ab le 10 (A ppendix) and in  F ig * 2 7 e The o rd e r  of th e  
s e d im e n ta tio n  u n i t s  i s  e s ta b l is h e d  m ain ly  on th e  o rd e r  o f  a p p e a ra n c e c 
To some e x te n t th e  av erag e  v a lu e s  i n  T ab le  10 a r e  m is le a d in g  i n  t h a t  
th e  a v e ra g e  modal g ra in  s iz e  o f  U n it  B i n  th e  lo w er S ta irw ay  i s  i n  
th e  o rd e r  of 10 w hereas th e  a v e ra g e  modal g ra in  s i z e  o f  u n i t  B i n  
th e  u pper S ta irw a y  i s  30 to  40, T h is  does no t however in v a l id a t e  
t h i s  ty p e  o f app ro ach  f o r  th e  sed im en ta ry  p ro c e s s e s  a re  s t i l l  b a s i c a l l y  
th e  same, b u t a re  ta k in g  p la c e  a t  d i f f e r e n t  energy  le v e ls  ( i . e .  a 
d i f f e r e n c e  o f  d eg ree  r a th e r  th a n  o f k in d ) .
The v e r t i c a l  d i s t r i b u t i o n  of th e  s ix  com posite  s e d im e n ta tio n  
u n i t s  i s  shown i n  F ig „25. The d i s t r i b u t i o n  o f p h o sp h a tic  m a te r ia l
i s  a ls o  shown* I t  i s  a p p a re n t th a t  th e  g r e a t e s t  concent r a t i o n  o f  
ph o sp h a te  occu rs  i n  th e  m idd le  p a r t  o f th e  fo rm a tio n , w h ich  i s  a ls o  
th e  p a r t  o f th e  fo rm a tio n  composed p red o m in an tly  o f th e  lu ta c e o u s  
com posite  s e d im e n ta tio n  u n i t s  D and E, There i s  no im m ediate ly  
ap p a re n t r e l a t i o n s h ip  betw een s t r a t i g r a p h i c  p o s i t io n  and th e  g ra in  
s i z e  o f p h o sp h a tic  p e l le t s *  I t  can be seen  in  F lg 025 th a t  in  t h e  
low er h a l f  o f th e  fo rm a tio n , i» e ,  below  about 400* th e re  i s  a w e ll 
developed  a sc e n d in g  sequence o f A - B - C - D - E - F .  In  t h e  u p p e r  
h a l f  of th e  fo rm a tio n  th e  a sc e n d in g  sequence i s  F -  E = D ■= C -  B -  A, 
As i t  h as  a l re a d y  been e s ta b l i s h e d  th a t  th e  b a s a l  seq u en ce  i s  
r e g r e s s iv e ,  th e n  t h e  A -  F sequence must be r e g r e s s iv e ,  w h ils t  th e  
F -  A sequence must be t r a n s g re s s iv e *
The v e r t i c a l  d i s t r i b u t i o n  o f  th e  com posite  s e d im e n ta tio n  u n i t s
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i s  shown i n  F ig .2 6 ,  Each s e d im e n ta tio n  u n i t  i s  re p re s e n te d  hy u n i t  
th ic k n e s s ,  i . e .  th e  v e r t i c a l  s c a le  i s  n o t a l i n e a r  fo o t  s c a le  
(a lth o u g h  fo o ta g e s  a re  show n), b ecau se  the  th ic k n e s s  o f  th e  com posite  
s e d im e n ta tio n  u n i t  i s  in h e re n t  i n  th e  ty p e  o f  u n it»  The a c tu a l  form  
of th e  c y c l i c i t y  i s  now a p p a re n t and can he seen  to  be n o t j u s t  one 
m ajo r r e g r e s s io n - t r a n s g r e s s io n  b u t a  s e r i e s  of r e g re s s io n s  and 
t r a n s g r e s s io n s » The f a c t  th a t  th e  sequence A -  F i s  r e g r e s s iv e  shou ld  
n o t how ever n e c e s s a r i ly  be c o n s tru e d  a t  t h i s  s ta g e  as i n d i c a t in g  th a t  
f o r  in s ta n c e  u n i t  D formed in  a  sh a llo w e r  environm ent th a n  u n i t  A, 
f o r  in  f a c t  th e  r e v e r s e  may ho ld  i f  A r e p r e s e n ts  a sand b a r  
environm ent and I) a  la g o o n a l env ironm en t.
The Compound S ed im en ta tio n  U n it
The Compound s e d im e n ta tio n  u n i t  i s  a u n i t  made up of a l l  6 of th e  
com posite  s e d im e n ta tio n  u n i t s  A, B, C, D, E and F , I t  i s  th e  
id e a l iz e d  com plete  sequence ( F ig ,2 7 ) bu t as can be seen  i n  F i g , 26, 
th e r e  i s  no co m p le te , unbroken  A -  F sequence i n  th e  fo rm a tio n .
Many of th e  sequences shown in  F ig .2 6  canno t be d e s ig n a te d  a s  in d i c a t i n g  
r e g r e s s iv e  (s’) o r  t r a n s g r e s s iv e  (d ) f o r  th e y  a r e  made up o f  th e  same 
u n i t  re p e a te d  (C -  C ~ C ~  C e t c . )  w hich i s  d e s ig n a te d  ’’s im p le  
o s c i l l a t o r y "  (SO), o r  a l t e r n a t i v e l y  th e y  c o n s is t  o f r e p e a ts  o f  a d ja c e n t 
com posite  s e d im e n ta tio n  u n i t s  ( C - E - C - D - C - D  e t c 0)§ t h i s  i s  
d e s ig n a te d  "compound o s c i l l a t o r y "  (OO). W ith in  the  S ta irw ay  S andstone  
th e r e  i s  ev idence o f 25 e p iso d es  o f a p p re c ia b le  r e g r e s s io n  and 
t r a n s g r e s s io n ;  9 s e p a ra te  e p iso d e s  of s im p le  o s c i l l a t o r y  s e d im e n ta t io n  
and 8 e p iso d es  o f compound o s c i l l a t o r y  se d im e n ta tio n .
The b a s ic  environm ent i n  w hich a i l  th e s e  f lu c t u a t i o n s  w ere ta k in g  
p la c e  can be  a s c e r ta in e d  from  th e  compound s e d im e n ta t io n  u n i t .
THE BASIC SEQUENCE COMPOUND SEDIMENTATION UNIT
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The Sedim e n t ö lo g ic a l Model
To f in d  a  p re s e n t  day s e d im e n to lo g ic a l model i n  w hich to  f i t  th e  
a v a i l a b l e  S ta irw a y  Sandstone d a ta ,  we m ast lo o k  i n i t i a l l y  f o r  a 
r e g r e s s iv e  phase  in  which th e  shorew ard sed im en ts  a re  f i n e r  th a n  th e  
seaw ard se d im e n ts . There a r e  two w ell documented modem en v iro n ­
m ents i n  w hich t h i s  o ccu rs  -  th e  b a r r i e r  i s l a n d - c o a s t a l  lag o o n  
env ironm ent and th e  i n t e r t i d a l  f l a t  e n v iro n m en t•
The B a r r i e r  Is lan d -L a g o o n  E nv ironm ent:
Rusnak ( i9 6 0 )  d e s c r ib e s  in  d e t a i l  th e  sub -env ironm en ts  o f  th e  
b a r r i e r  i s la n d - la g o o n  complex of th e  Laguna Madre o f th e  G ulf o f 
M exico. H is env ironm ents a re  shown in  F i g . 28 to g e th e r  w ith  th e  
S ta irw ay  S andstone e q u iv a le n ts .  The '’c o r r e l a t i o n ''  be tw een  th e  
S ta irw a y  compound s e d im e n ta tio n  u n i t  and Laguna Madre env ironm ents 
a r e : -
A = B a r r ie r  i s la n d  ( f a i r l y  c o a rse  g ra in e d ,  c ro s s -b e a d e d  san d s)
B = B a r r i e r  f l a t s  (Bedded san d s)
C = Shallow  bay (mixed se d im e n ts )
D = Shallow  bay
E = C en tra l bay (mixed sed im en ts )
F = C e n tra l bay o r  u p p e r  bay ( s i l t y  c la y ) .
The e n v iro n m e n ta l im p l ic a t io n s  o f th e s e  c o r r e la t io n s  f o r  
each o f  th e  com posite  s e d im e n ta tio n  u n i t s  can now be c o n s id e re d .
A ll th e  in fo rm a tio n  on th e  modem env ironm ent i s  from Rusnak ( i9 6 0 ) .  
A. As can b e  seen  in  F i g . 2 7 , u n i t  A i s  th e  most p ro m in en tly  
c ro ss -b e d d e d  u n i t  in  the. sequence -  t h i s  i s  com p le te ly  
c o m p a tib le  w ith  a b a r r i e r  i s la n d  sa n d . The p re se n c e  of some
fig28
COMPARISON OF THE COMPOUND SEDIMENTATION UNIT 
WITH MODERN ENVIRONMENTS
R eferen ce  to  F ig«28
A -  F -  com posite  s e d im e n ta tio n  u n i t s  
LAGOONAL-BARRIER
(se e  F ig s « 25-27) 
INTERTIDAL FLAT
a i n l e t  (open s e a )  
b b a r r i e r  is la n d  
c b a r r i e r  f l a t  
d sh a llo w  bay ( l )  
e sh a llo w  bay  (2 ) 
f  d e n t r a l  bay 
g c e n t r a l /u p p e r  bay 
h u p p er bay-beach
i  open sea (below low -w ater)
j  low er sand f i a t
k low er mud f l a t
1 A re n ic o la  sand f l a t
m in n e r  sand f l a t
n h ig h e r  mud f l a t
o h ig h e r  mud f l a t  o r 
s a l t  marsh
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graded bedding suggests some inlet sands may have been 
included within this composite sedimentation unit. It 
is suspected that some of the phosphate of unit A may have 
been derived, the pellets and nodules having been reworked 
from some other part of the basin and then due to wave action 
on the seaward side of the postulated barrier island, in­
corporated in the barrier beach sands. The presence of some 
chewing by burrowing organisms is not a feature normally 
associated with barrier islands. This may again be due to 
some inlet sediments being included within unit A or 
alternatively the barrier island may have been submarine for 
a considerable part of its history.
B, This unit is the thickest unit of the compound sedimentation 
unit; it may also have been the widest environmental zone. 
Most of the textural and other features could be associated 
with the barrier flat environment of Rusnak (i960) apart 
from the presence of burrowing organisms - this again may
be attributable to the sediments of Unit B having been 
deposited at a greater depth below sea level than the 
equivalent zone in the Laguna Madre. Deposition during 
unit B sedimentation was probably too arenitic for rich 
phosphorites to form, but some concentrations occur at the 
base of the unit. The concentration is probably the result 
of winnowing, occurring either as a result of onshore winds 
or due to waves or currents coming over the barrier island, 
or both.
C. The shallow bay environment occurs on the barrier island side
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of the shallow hay of the Laguna Madre. In unit C there 
is evidence of an appreciable rise in the infaunal activity, 
and a decrease in grain size. Phosphatic pellets were able 
to form in the unit C environment and moderate concentrations 
of phosphorites were produced when currents were available to 
winnow the sands. As the shallow bay environment is some 
distance away from the source of the detritai quartz (the 
barrier island) it is to be expected that by analogy unit 
C would be thinner than unit B. This is found to be the case 
(see Fig.27).
D. The bay side of the shallow bay subfacies of Rusnak (i960) 
which is beyond the zone of appreciable arenite sedimentation, 
is the likely zone for the formation of unit L). As in unit 
C, the environment of unit D is one of appreciable phosphate 
deposition, with a high phosphorite to lutite ratio, probably 
because the shallow bay environment is within the reach of 
winnowing action.
E. The most likely environment of deposition of unit E is the 
central bay in the zone of silt/clay sedimentation, where 
there is little terrigenous material. Unit E contains the 
greatest thickness of lutite of any of the composite 
sedimentation units, and phosphate pellets are rare.
Winnowing took place only very rarely (perhaps when a major 
breach of the postulated barrier island occurred), so that 
the proportion of phosphorite band to lutite is very low in 
unit E.
F. A slight increase in grain size occurs in Unit F as compared
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w ith  E. T h is may in d ic a te  t h a t  u n i t  F i s  e q u iv a le n t i n  p a r t  
to  th e  u p p er hay environm ent o f the  Laguna M adre. The 
in c r e a s e  i n  g r a in  s i z e  may no t however he s i g n i f i c a n t  as  th e r e  
i s  a  co rre sp o n d in g  d e c re a se  i n  amount o f in fa u n a l  a c t i v i t y  
i n  u n i t  F , s u g g e s tin g  t h a t  i t  i s  p ro h ah ly  e q u iv a le n t to  
n e a r e r  th e  m iddle o f th e  c e n t r a l  hay environm ent o f th e  Laguna 
M adre. The environm ent r e p re s e n te d  hy u n i t  F i s  p ro h a h ly  
one of optimum c o n d itio n s  f o r  th e  d e p o s i t io n  o f p h o sp h a te , 
as p h osphate  o ccu rs  th ro u g h o u t much o f  th e  l u t i t e  seq u en ce0 
Enrichm ent does n o t however o c c u r , as th e  environm ent 
re p re s e n te d  hy u n i t  F i s  e i t h e r  a t  to o  g r e a t  a  d ep th  o r 
to o  f a r  removed from  th e  open s e a  f o r  th e  e f f e c t s  o f c u r r e n ts  
or waves no t to  he f e l t .
Thus th e  compound se d im e n ta tio n  u n i t  w i l l  f i t  s a t i s f a c t o r i l y  
i n t o  th e  h a r r ie r - h a y  f a c i e s  o f Rusnak ( i9 6 0 ) .  The a p p l ic a t io n  of 
t h i s  model can n o t he to o  s t r i c t  a s  th e  ty p e  o f  la g o o n a l e n v iro n ­
ment en v isaged  f o r  u n i t s  D, E and F d u rin g  S ta irw ay  S andstone  tim es 
i s  very  much l e s s  r e s t r i c t e d  than  th a t  o f th e  Laguna Madre.
T here a re  however d i f f i c u l t i e s  i n  t h i s  co n cep t -  th e  m ajor 
one b e in g  th e  m agnitude o f th e  la g o o n . I t  can he seen  i n  th e  
S ta irw ay  Sandstone o f  API ( F ig .25) th a t  th e  i n t e r v a l  470* to  200 ’ 
i s  made up o f s im ple  o s c i l l a t o r y  o r  compound o s c i l l a t o r y  sequences 
of D, E o r F so  th a t  f o r  th e  w hole of th e  m iddle S ta irw ay  tim es 
a c e n t r a l  hay (w ith  m inor sh a llo w  hay and u p p e r hay) environm ent 
of th e  Laguna Madre ty p e  p r e v a i le d  ov er an  a re a  o f ab o u t 20,000 
sq u a re  m ile s .  T h e re fo re  i n  s p i t e  o f  th e  way th e  e iv ironm en t o f  
th e  compound se d im e n ta tio n  u n i t  f i t s  th e  h a y - h a r r i e r  i s la n d
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concept i t  canno t be  co n sid e red  as norrnal when i t  i s  n e c e s sa ry  to  
sp read  t h i s  e s s e n t i a l l y  r e s t r i c t e d  environm ent over many thousands 
o f sq u a re  m iles*
The com parison  i s  no t th e r e f o r e  e n t i r e l y  s a t i s f a c t o r y  and i t  
i s  n e c e s s a ry  to lo o k  a t  th e  second m odel.
The I n t e r t i d a l  F la t  Environm ents
The i n t e r t i d a l  f l a t  environm ent and i t s  s u b fa d .e s  h as  been 
w e ll documented by Evans (1965) who s tu d ie d  th e  i n t e r t i d a l  f l a t  
sed im en ts  o f th e  Wash, P o s s ib le  c o r r e l a t i o n s  betw een t h e  s u b fa c ie s  
of th e  i n t e r t i d a l  zone o f  theWash and th e  com posite  s e d im e n ta tio n  
u n i t s  of th e  S ta irw ay  Sandstone a re  shown i n  F i g , 28 , The 
c o r r e l a t i o n s  a re  as fo llow s?
A = Lower sand f l a t s .  ( L i t t l e  o r  no o rg a n ic  rew o rk in g , m inor 
wave a c t io n ,  s t r o n g  t i d a l  c u r r e n t s ,  slow  sed im en ta tio n »
B = Lower mud f l a t s .  ( L i t t l e  rew ork ing  by waves o r o rgan ism s; 
r a p id  s e d im e n ta t io n ) .
C = A re n ic o la  sand f l a t s .  (E x te n s iv e  rew o rk in g  by waves and 
A re n ic o la ; slow  s e d im e n ta t io n ) .
D = In n e r  sand f l a t s .  (L im ited  rew o rk in g  by w aves; e x te n s iv e  
rew ork ing  by Corophiums slow s e d im e n ta tio n )
E = H ig h er mud f l a t s  (very  l im i te d  rew o rk in g  by waves and 
o rg an ism s . F a i r l y  ra p id  s e d im e n ta tio n )  ,
F = Upper p a r t  of th e  h ig h e r  mud f l a t s  o r  the  lo w er p a r t  o f th e  
s a l t  marsh (no rew o rk in g  by waves o r  o rgan ism s; f a i r l y  slow  
s e d im e n ta tio n , f i l t e r  e f f e c t  o f p l a n t s ) .
The te rn s  "mud f l a t ” and "san d  f l a t ” u sed  by Evans (1965) a re  
f i e l d  term s based  on g e n e ra l ap p ea ran ce  and n o t on s i z e  co m p o sitio n .
THE 'fePEIRlC SEA CONCEPT” APPLIED TO STA IRWAY SANDSTONE SEDIMENTATION
R efe ren ce  to  F ig  .'29
A, B, C, D, E, F -  com posite  s e d im e n ta tio n  u n i t s  (See F ig s .25-27) 
X, Y, Z -  th e  energy  zones o f I rw in  (1965) 
a -  sed im en t p icked  up a t  s t r a n d  l i n e
h -  sed im ent c a r r ie d  i n  sh a llo w  o f f s h o re  w ind-induced  c u r re n t
c -  v e ry  f i n e  g ra in e d  sed im en ts  i n  low energy  environm ent
d -  th e  o f f s h o re  wind induced  c u r re n t  m eets th e  open sea  
c u r re n ts  and waves
e -  th e  v e lo c i ty  of th e  s e d im e n t-c a rry in g  c u r re n t  i s  reduced  
to  zero  h e re  th e r e f o r e  th e  lo a d  o f sed im ent i s  dropped
f  -  sedim ent b e in g  winnowed by ocean ic  c u r r e n ts  so  t h a t  on ly  
c o a rse  sands rem ain
-  w innowed-out f in e s  a re  c a r r i e d  in to  d e e p e r  w a te rg
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te r r ig e n o u s  se d im e n ta tio n  p a r t i c u l a r l y  i f  th e re  i s  a f a i r l y  
s tro n g  o f f s h o re  wind o r o c c a s io n a l o f fs h o re  s to rm s . This 
w i l l  r e s u l t  in  o f fsh o re  c u r r e n t s ,  and waves i n  t h e  sh a llo w e s t 
zo n e , i . e .  th e  s t ra n d  l i n e ,  which i s  a ls o  commonly a zone of 
sands* T hese ?wind induced  sh o re  c u r r e n ts  w i l l  c a rry  strand?* 
l i n e  sed im en ts  u n t i l  th e y  meet th e  o c ea n ic  c u r r e n ts  i n  th e  h ig h  
energy  zone , th e  sedim ent c a r ry in g  c u r re n t  i s  reduced  to  zero  
so t h a t  th e  lo a d  o f d e t r i t u s  i s  now dropped in to  th e  h ig h  energy  
zone. W ith in  th e  h ig h  energy  zone a c o n s id e ra b le  amount o f  s o r t in g  
and winnowing w i l l  ta k e  p la c e  to  p roduce c o a rse  g ra in e d  w e ll s o r te d  
w e ll rounded s a n d s . The f i n e r  m a te r ia l  m a y b e  c a r r ie d  out in t o  
th e  Zone X o f I rw in  (l9 6 5 ) . A l t e r n a t iv e ly ,  th e  sands o f  Zone Y 
may be c a r r i e d  in t o  th e  zone by lo n g sh o re  c u r r e n t s ,  which would 
n o t n e c e s s i t a t e  hav ing  to  move te r r ig e n o u s  sed im en ts  a c ro s s  th e  
low energy  zone o f  th e  e p e i r i c  s e a .
Shaw ( l9 6 4 )  i s  wrong in  a s s e r t in g  th a t  an e p e i r ic  sequence of 
c o a rs e  sed im en ts  o v e r la in  by f in e  sed im en ts  im p lie s  t r a n s g r e s s io n  
f o r  in  f a c t  i t  can e q u a lly  w e ll im ply r e g re s s io n  -  i t  a l l  depends 
w h e th e r  th e  o v e r ly in g  f in e  sed im en ts  a re  th o se  o f th e  d eep e r Zone X 
o r  th o s e  of th e  sh a llo w e r Zone Z.
In  th e  compound se d im e n ta tio n  u n i t  ( F ig .27) of the  S ta irw ay  
S andstone th e  sequence is  r e g r e s s iv e  c o a rs e  in to  f in e ,  i n  which 
th e  sed im en ts  of u n i t s  A, B and C a re  d e p o s ite d  in  th e  h ig h  energy  
zone (Y ), and D, E and F in  th e  low energy  zone ( Z ) . The sed im en ts  
o f zone X a r e  n o t r e p re s e n te d  in  th e  sequence -  th e y  may be 
r e p re s e n te d  by th e  p red o m in an tly  s i l t / c l a y  sed im en ts  of th e  
u n d e r ly in g  Horn V a lle y  S i l t s t o n e .  The p re se n c e  o f p h o sp h a te  i s
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an added co m p lic a tio n  to  t h e  hydrodynam ic p ic tu r e  f o r  i t  may 
mean th a t  co ld  u p w ellin g  c u r re n ts  (McKelvey e t  a l . ,  1959) a re  
a ls o  im ping ing  on th e  e p e i r i c  s e a . T h is  i s  u n l ik e ly  to  a l t e r  
th e  energy  p ic tu r e  a p p re c ia b ly .  The e p e i r i c  se a  model and i t s  
S ta irw ay  S andstone e q u iv a le n ts  a re  now d isc u sse d  in  d e t a i l
A. Com posite s e d im e n ta tio n  u n i t  A r e p r e s e n ts  t h e s  eaward s id e  
of th e  h ig h  energy  zone, w here th e r e  i s  a g r e a t  d e a l  o f 
rew ork ing  o f sed im en ts  so  t h a t  th e  sands a r e  c o a rs e  g ra in e d .  
I rw in  (1965) c o n s id e rs  t h a t  t h i s  h ig h  energy  zone i s  th e  
zone o f h ig h e s t  p o ro s i ty  (due to  t h e  winnowing a c t io n )  and 
i n  th e  S ta irw ay  Sandstone i t  i s  i n  f a c t  found th a t  u n i t  A
has th e  h ig h e s t  p o r o s i ty  ( F ig .2 7 ) . P h o sp h o rite s  a re  p ro b a b ly  
n o t p r e c i p i t a t e d  i n  t h i s  zone b u t rew ork ing  o f p e l l e t s  o c c u rs .
B. U n it B i s  s t i l l  w ith in  th e  h ig h  en erg y  zone b u t a c o n s id e ra b le  
p o r t io n  o f  th e  energy has  a lre a d y  b een  expended in  th e  zone o f 
u n i t  A s e d im e n ta t io n , th e r e f o r e  t h e  e f f e c t s  of winnowing a r e  
l e s s  pronounced . I t  i s  a l s o  th e  zone o f maximum a r e n i t e  
a c c u m u la tio n , and t h i s  coupled w ith  the  le s s e n e d  winnowing 
a c t io n  p roduces a th i c k  sand sequence w ith  on ly  r a r e ,  t h i n ,  
p e l l e t a l  bands.
C. U n it C i s  on th e  edge of th e  h ig h  energy  zone, co n seq u en tly  
c u r r e n t  a c t io n  i s  on ly  m inor and l i t t l e  rew ork ing  of sed im en ts  
o c c u rs . There i s  how ever only  m inor a r e n i t e  s e d im e n ta t io n , 
th e r e f o r e  t h e i a t i o  o f p h o sp h o r ite  to  te r r ig e n o u s  sed im ent i s  
f a i r l y  h ig h . High energy  c u r re n ts  do o c c a s io n a l ly  im pinge
on t h i s  u n i t  so th a t  winnowing (and su b seq u en t en rich m en t) o f 
p h o sp h o r ite s  o c c u rs . T h is i s  a zone of slow  se d im e n ta t io n ,
-  78  -
i s  ex trem ely  slow in  t h i s  env ironm ent so  th a t  p h o s p h a tic  p e l l e t s  
can "make t h e i r  p re sen ce  f e l t "  b eca u se  o f th e  la c k  o f  
d i l u t i n g  te r r ig e n o u s  m a te r ia l  <> T here i s  e v id e n t ly  no 
rew ork ing  i n  t h i s  zone (b ecau se  i t  i s  v e ry  f a r  removed 
from  h ig h  energy zone Y) so t h a t  th e re  a r e  no winnowed 
p h o sp h a tic  c o n c e n tra tio n s  i n  U n it P .
I t  would th e r e f o r e  ap p ea r th a t  th e  compound s e d im e n ta tio n  
u n i t  can b e  f i t t e d  most s a t i s f a c t o r i l y  in to  an e p e i r ic  se a  
model by m odify ing  th e  model o f  Shaw ("1965) to  account f o r  
te r r ig e n o u s  se d im e n ta tio n . C o n e e n tra tio n s  of p h o sp h a tic  
p e l l e t s  a re  in  most c a se s  a r e f l e c t i o n  o f t h e  im ping ing  of 
th e  h ig h  energy zone. The r e a s o n s  f o r  m ig ra tio n  o f th e  h ig h  
energy zone a r e  a  l i t t l e  o b sc u re . The m ost l i k e l y  re a so n s  a r e : -
( i )  lo c a l  su b s id en ce  of th e  e p e i r i c  sea  f l o o r  may ta k e  
p la c e ,  so th a t  th e  h igh  energy waves now im pinge on a 
more landw ard  zo n e .
( i i )  a g e n e ra l r i s e  i n  th e  l e v e ls  o f th e  o cean s, in v o lv in g  
g lo b a l  c l im a t ic  changes. T h is  i s  u n l ik e ly  i n  view of 
th e  freq u en cy  of winnowed p h o sp h a tic  p e l l e t s .
( i i i )  Storms may produce h ig h e r  energy  waves th a n  norm al so
th a t  th e y  a r e  a b le  to  p e n e t r a te  f u r t h e r  in to  th e  e p e i r ic  
s e a .
( iv )  th e  am p litu d e  o f waves may v a ry  so th a t  waves w ith  a
sm a lle r  am p litu d e  th a n  th e  norm al im ping ing  waves would 
a ls o  p e n e t r a te  f u r th e r  in to  th e  e p e i r ic  se a .
I t  i s  l i k e l y  t h a t  a l l  of th e s e  mechanisms a c te d  a t  some 
tim e o r  o th e r  d u rin g  th e  S ta irw ay  Sandstone se d im e n ta tio n .
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Summary
The Stairw ay Sandstone i s  a r e g re s s iv e - tr a n s g re s s iv e  sequence. 
The la rg e  number of sed im en ta tio n  u n i t s  in  th e  Stairw ay Sandstone 
may be grouped in to  s ix  types o f com posite sed im en ta tio n  u n i t s  
(A, B, C, D, E and F) which to g e th e r  form a re g re s s iv e  compound 
sed im en ta tio n  u n i t  (A to  F) o r  a tra n s g re s s iv e  compound sed im en ta tio n  
u n i t  (F to  A).
The compound sed im en ta tio n  u n i t  can be equated  w ith tw o modern 
n earsh o re  environm ents, the b a r r i e r  is la n d -la g o o n  environment and 
the  i n t e r t i d a l  zone environment and a more h y p o th e tic a l  e p e i r ic  
sea model •
STAIRWAY SANDSTONE BARRIER-LAGOON INTERTIDAL
FLAT
EPEIRIC SEA
F S lig h t ly  phos 
f in e  s i l t
C en tra l o r upper 
bay
Higher mud 
f l a t  o r s a l t  
marsh
Inner low 
energy zone (z)
E v sp a rse ly  phos 
c layey  s i l t
C en tral bay H igher mud 
f l a t
Middle low 
energy zone ( z )
D R ich ly  phos 
c layey  s i l t
Shallow bay In n e r  sand 
f l a t
Outer low 
energy zone ( z )
C R ichly  phos v 
f in e  sand
Shallow bay A ren ico la  
sand f l a t
In n e r high 
energy zone (Y)
B v s p a r s e ly  phos 
f in e  sand
B a r r ie r  f l a t s Lower mud 
f l a t
Middle h igh  
energy zone (Y)
A S lig h t ly  phos 
medium sand
B a r r ie r  is la n d Lower sand 
f l a t
O uter h igh  
energy zone (Y)
Both the models of modem environm ents a re  in ad eq u a te  because 
of t h e i r  sm all a re a l  ex ten t compared w ith  the  enormous ex ten t of 
th e  S tairw ay  Sandstone environm ents. This d i f f i c u l t y  could 
p o s s ib ly  be p a r t ly  reso lv ed  by th e  i n t e r t i d a l  o r lag o o n al 
environm ent m ig ra tin g  over th e  b a s in  so t h a t  g ra d u a lly  a
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coalescing body of lagoonal or intertidal sediments foimed. The 
third model is more satisfactory and it is possible to aecount for 
most of the features of Stairway Sandstone sedimentation, with the 
sands being laid down in the high energy zone (Zone Y), the silts 
and clays being deposited in the low wnergy zone (Zone Z) and the 
pelletal phosphorite concentrations resulting from reworking of 
sediments brought about by migration of the high energy zone.
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CHAPTER 8
THE STAIRWAY SANDSTONE PHOSPHORITES
General
Phosphatic sediments have been found in the Upper Proterozoic 
and Lower Palaeozoic sediments of the Amadeus Basin, hut it is only 
in the Stairway Sandstone that they are abundant. The occurrence 
of phosphorites in the Stairway Sandstone was first noted by 
Wells, Forman and Ranford (l962). Subsequent work by Cook (1963) 
and Barrie (l964) showed that the Stairway is slightly phosphatic 
throughout but sediments regarded as phosphorites occur mainly 
in the middle Stairway, as is clearly shown in Fig.21« The
phosphatic mineral is crypto-crystalline but X-ray studies by 
Greaves (pers.comm., in Cook, 1963) have shown it to be apatite.
The phosphorites most commonly are pelletai or nodular and 
they are generally grey or brown in colour, although purple 
phosphorites are present in the Mount Charlotte area, and white 
phosphorites are known from the vicinity of The Sisters, west of 
the Mount Charlotte Range. The phosphatic beds range in thickness 
from less than 1 inch to about 8 inches but their average thickness 
would only be from 2 to 4 inches. Little is known about the 
lateral extent of individual phosphorite beds as poor exposure makes 
it impossible to follow such thin beds for more than a few feet. 
However, the same stratigraphic interval appears to be phosphatic 
over a wide area. Boundaries between phosphatic and non-phosphatic 
sediments are extremely sharp, particularly the lower boundary. 
Current induced sedimentary structures appear to be extremely rare 
in the actual phosphorites, though they are common in associated
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sediments (e.g. ripple marks, cross-"bed ding). Rare worm turrows 
have been seen in very slightly phosphatic sandstones.
The nodules are extremely varied in size and shape (Fig.54,
appendix) and P^ O,, con'ten't* Pellets and nodules may range in
size from a -§• inch or less, to 5 inches. The two main types of
nodules are grey and brown. The grey pellets may have an
extremely irregular form with surfaces commonly re-entrant.
The surfaces are frequently finely pitted and have an appearance
not unlike that seen in the surface of some fossil algae. The
brown pellets are smoother than the grey pellets; they tend
towards an eliptical shape, whilst the grey pellets are flatter
and slightly more disc-shaped. In hand specimen, the brown
pellets appear to be more sandy than the grey pellets. The
few analyses that have been undertaken indicate that the grey
pellets are more phosphatic than the brown pellets, e.g. in
analyses from a locality near API, a grey pellet was found to
have a PgO,_ con'ten‘t 19$ and a brown pellet was found to have
a P 0 content of only 13$ (probably a Reflection on the higher ^ 5
sand content - see FLg.80, appendix).
Detailed study of many of the 219 phosphorite bands in the 
API core confirmed the majority of the field observations. It 
was not however possible to distinguish different types of 
pellets in the core, all the pellets being black (chroma N3 - 
N4) . In subsurface, boundaries between phosphatic and non- 
phosphatic sediment were also found to be extremely sharp.
In addition, 16 bands showed good positive grading (i.e. coarse 
pellets at the base and fine pellets at the top) and negative 
graded bedding occured in 8 of the phosphorite bands. The
83 -
graphic logs (see Appendix IV) indicate that many of the 
phosphorite hands show a particular type of himodality, with a 
fine mode within the pellets and a coarse mode in the surrounding 
sediment. This is discussed more fully later. Both the modal 
and maximum grain size of detrital grains increases with the 
incoming of phosphatic pellets. This will also he discussed 
more fully later.
Generally, the pellets appear to show a higher degree of 
rounding and sphericity than is shown hy the pellets in outcrop, 
hut as in most cases, the sub-surface pellets were only visible 
in two dimensions, this difference may he more apparent than real. 
The pellets are commonly (hut not always) aligned with their long 
axes parallel.
Chemical Analyses
The results of trace element analyses on samples
from the Stairway Sandstone are recorded hy Ranford, Cook and 
Wells (l966), Wells, Stewart and Skwarko (1966) and Barrie, (1964).
A total of 90 outcrop samples and subsurface samples have so
far been analysed for P^ O,- (hy colorimetric methods, using
molyhdo-vanadate)o The highest value obtained is 27$ B O  for
a grey phosphatic nodule (specimen number LA701C) from the
Inindia Bore area. The highest value obtained for a phosphatic
bed (as opposed to an individual nodule) is 21.6$ P 0 for
specimen LA 535(9) from the Johnny Creek area of the Lake Amadeus
sheet. There appears to he a wide variation in the P 0 content
z 5
of pelletal or nodular hands hut most values fall into the range 
10 to 18$ P 0_. Very few analyses of StairwaySandstone lithologies
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have P 0 c o n te n ts  below  0.5% , in d ic a t in g  th a t  th ro u g h o u t th e  
2 b
w hole S ta irw ay  Sandstone, th e  P^O,. c o n te n ts  a re  a t  l e a s t  two
to  th r e e  tim es above th e  av erag e  v a lu e s  f o r  se d im e n ts . B a r r ie
(1964) c o n s id e rs  th a t  th e r e  may be some secondary  enrichm ent o f
th e  P o0_ c o n te n t  o f beds a t  th e  s u r fa c e  a s  so f a r ,  the  h ig h e s t  2 5
v a lu e  o b ta in e d  f o r  a su b su rfa c e  sam ple i s  ab o u t h a l f  th a t
o b ta in e d  f o r  s u r fa c e  sam p les. However, t h i s  canno t be confirm ed
u n t i l  many more a n a ly se s  have been c a r r i e d  o u t .
The la c k  of an  ad eq u a te  number o f  a n a ly se s  make i t  im p o ss ib le
to  re a c h  any co n c lu s io n s  re g a rd in g  th e  l a t e r a l  o r v e r t i c a l
v a r i a t io n s  of P_0_ co n te n t o f p h o sp h o r ite s  w ith in  th e  S ta irw a y  
2 5
S an d sto n e .
F o u r te e n  sam ples o f S ta irw ay  S andstone sed im en ts  have b e e n
s p e c tro c h e m ic a lly  a n a ly se d  f o r  n ic k e l ,  c o b a l t ,  co p p er, vanadium ,
and le a d  (H anfo rd , Cook and W ells , 1966) . Many o f th e  sam ples
w ere found to  have somewhat h ig h e r  v a lu e s  f o r  th e se  t r a c e  e lem en ts
th a n  i s  norm al f o r  sed im en ts . T his i s  p a r t i c u l a r l y  t r u e  f o r  th e
v a lu e s  o b ta in e d  f o r  le a d  and i n  a  sam ple w ith  a  PgO^ con^en^
18% (ML37) th e  le a d  c o n te n t was 400 p a r t s  p e r  m i l l io n ;  i n  th e
same sam ple , th e  copper c o n te n t was 100 p a r t s  p e r  m i l l io n .  The
few r e s u l t s  a v a i la b l e  show a  crude c o r r e l a t i o n  o f in c re a s e  i n
t r a c e  e lem en ts  such  as le a d  w ith  an in c re a s e  i n  th e  P_0C c o n te n t2 5
( F ig .3 0 ) ,  b u t i t  i s  im p o ss ib le  to  reac h  any d e f i n i t e  c o n c lu s io n -  
a t  t h i s  s ta g e ,  w ith  so few  a n a ly se s  a v a i l a b l e .  I t  i s ,  how ever, 
a n t i c ip a te d  th a t  more work w i l l  show a good c o r r e l a t i o n  betw een 
p h o sp h a tic  c o n c e n tra t io n  and t r a c e  elem ent c o n c e n tra t io n  as i s  
found f o r  in s ta n c e  i n  th e  P h o sp h o ria  F o rm ation  (McKelvey a t  a l . ,  
1 9 5 9 ).
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P e tro g rap h y
Thin s e c t io n  ex am ination  of th e  p h o s p h o r ite s  has shown th a t  
th e r e  a r e  a la rg e  number of form s in  w hich th e  p h o sp h a tic  m a te r ia l  
g e n e r a l ly  a p a t i t e )  may o ccu r. I t s  o v e r a l l  c o lo u r  may ra n g e  from 
a lm o st c o lo u r le s s  t o  alm ost b la c k  h u t th e  most norm al co lo u r i s  
p a le  brown to  dark  brown. I t  shows a l l  th e  norm al p r o p e r t i e s  o f 
th e  m in e ra ls  r e f e r r e d  to  u nder th e  c o l l e c t i v e  term  o f  c o llo p h a n e , 
such as h ig h  r e l i e f  and is o t r o p h y .
T here a p p e a r  to  b e  te n  main modes o f o ccu rren c e  o f  p h o sp h a tic  
m a te r i a l ,  most o f w hich a re  p e l l e t a l  c r  n o d u la r  in  form . In  th e  
ty p e  of e m p ir ic a l c l a s s i f i c a t i o n  u sed  h e r e ,  th e r e  i s  o f c o u rs e  
o v e r la p p in g , w ith  some p e l l e t s  showing f e a tu r e s  of two o r  more 
c la s s e s  b u t i n  such case s  compound names may be u sed  to  d e s c r ib e  
th e  p e l l e t s .  Most o f th e  p e l l e t a l  names p re -su p p o se  t h a t  th e  
o u t l in e  o f th e  p e l l e t  i s  rounded and s u b - s p h e r ic a l  bu t i f  n e c e s s a ry  
th e  c l a s s  may be q u a l i f i e d  by " i r r e g u l a r ” e t c .  I f  i t  i s  d e s ire d  
to  g iv e  th e  p h o sp h a tic  ty p e s  a s i z e  c o n n o ta tio n , " p e l l e t a l "  m a y b e  
r e p la c e d  by "n o d u la r"  f o r  c o a r s e r  g rad es  ( g e n e ra l ly  2mm. and a b o v e ). 
The te n  c la s s e s  of p h o sp h a tic  ty p e s  a re  now d is c u s se d  in d i v id u a l ly .
1 . S t r u c tu r e le s s  p e l l e t a l  p h o sp h a te  ( F ig s .55 -58 , a p p e n d ix ) .
T h is  i s  one o f  th e  commonest p e l l e t a l  form s and shows no 
i n t e r n a l  s t r u c t u r e  w h a tso ev er ( F ig .5 5 , a p p e n d ix ) , a lth o u g h  i t  may 
have a s in g le  t h i n  dark  rim  ( F ig .56 , append ix ) (su g g e s te d  by 
Emigh ( l9 5 8 )  as  b e in g  caused  by th e  outw ard m ig ra tio n  o f carbonaceous 
m a te r ia l  in  th e  p h o sp h a tic  p e l l e t ) .  These p e l l e t s  may ran g e  i n  
s i z e  from  s i l t  s iz e  and below  to  co a rse  g ra in e d  sand s iz e  and above . 
I n  some c a s e s ,  th e  modal g ra in  s i z e  of th e s e  p e l l e t s  i s  the  same as
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th e  modal g r a in  s iz e  o f th e  d e t r i t a l  q u a r tz  i n  th e  e n c lo s in g  
se d im e n t, s u g g e s tin g  th a t  th e  p h o sp h a tic  m a te r ia l  may have been  
swept i n  w ith  th e  d e t r i t a l  sand  o r t h a t  i t  may have b e e n  winnowed.
In  some t h i n  s e c t io n s  ( e .g .  A P 3 /44 /0 ), th e r e  i s  a  s t r i k i n g  
s i m i l a r i t y  o f  shape and s i z e  betw een s t r u c t u r e l e s s  p e l l e t s  and 
g la u c o n ite  p e l l e t s ,  and g r a in s ,  s u g g e s tin g  th a t  th e  s t r u c t u r e l e s s  
p e l l e t s  may be  in  p a r t  th e  r e s u l t  o f  e a r ly  d ia g e n e tic  rep lacem en t 
o f  g la u c o n ite  ( F ig .57 , a p p e n d ix ) . A l te r n a t iv e ly  i t  may j u s t  
in d i c a te  t h a t  p h o sp h a te  p r e c i p i t a t e s  a r e  form ed in  a  s im i la r  way 
to  g la u c o n ite  p r e c i p i t a t e s .
2 . C o n c e n tr ic  P e l l e t a l  p h o sp h a te  ( F ig ,59 , append ix )
T his ty p e  o f  p e l l e t  i s  d is t in g u is h e d  by th e  d a rk  and l i g h t  
bands w i th in  th e  p e l l e t s ,  w hich a r e  c o n c e n tr ic  to  th e  e x t e r i o r  o f 
th e  p e l l e t ,  even when th e  e x t e r i o r  o f  th e  p e l l e t  i s  ex trem ely  
i r r e g u l a r  e .g .  i n  LA 131 and i n  A P l/7 3 /2  ( F i g .59, a p p e n d ix ) .
Emigh ( l9 5 8 )  has  su g g e s te d  th a t  th e  band ing  must be a d ia g e n e t ic  
f e a tu r e  o th e rw ise  i t  would n o t be  p a r a l l e l  to  t h e  i r r e g u l a r  
e x t e r i o r  o f th e  p e l l e t s .  He a t t r i b u t e s  th e  band ing  to  th e  outw ard 
m ig ra tio n  o f  o rg a n ic  ca rb o n . Some o f  th e  ban d in g  i n  th e  c o n c e n tr ic  
p e l l e t s  may p o s s ib ly  be  a t t r i b u t a b l e  to  t h i s  m ig ra tio n  b u t l i t t l e  
ev id en ce  f o r  o r  a g a in s t  E m igh 's th e o ry  co u ld  be  fo u ^ d .
T here a r e  how ever two s p e c ia l  c a se s  o f c o n c e n tr ic  b an d in g  in  
which th e  band ing  i s  a lm ost c e r t a i n l y  a  p rim ary  f e a t u r e .  I n  
th in  s e c t io n  LA 535 (A ), v e ry  f i n e  m ica f la k e s  w i th in  a p e l l e t  a re  
a rra n g e d  w ith  t h e i r  lo n g  axes c o n c e n tr ic  t o  th e  o u ts id e  o f th e  
p e l l e t .  I t  i s  th o u g h t t h a t  t h i s  ty p e  o f  band ing  developed  by 
th e  r o l l i n g  around  o f th e  r e l a t i v e l y  s o f t  p h o sp h a tic  p e l l e t  on
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th e  sea  f lo o r  and as  i t  r o l l e d  th e  f in e  f la k e s  o f mica w ere 
p ick ed  up and su b se q u e n tly  in c o rp o ra te d  in to  th e  p e l l e t s .
S im i la r ly ,  i n  A P l/5 9 6 /0 , v e ry  f i n e  o o l i th s  of ? p y r i te  a re  
a rrn ag ed  i n  two bands c o n c e n tr ic  t o t h e  e x t e r io r  o f a p e l l e t  
of about .075 d ia m e te r . As w ith  th e  m ica, th e  o o l i th s  may 
have been  p ick ed  up by th e  p e l l e t  and su b se q u e n tly  in c o rp o ra te d  
i n  i t  as i t  r o l l e d  over them , or a l t e r n a t i v e l y ,  th ey  may have 
foim ed w ith in  th e  p e l l e t s  d u r in g  d ia g e n e t ic  p y r i t i z a t i o n .
3 . Com posite p e l l e t a l  p hosphate  ( F ig .60 , append ix )
As i s  su g g es ted  by th e  name, th i s  p e l l e t a l  form i s  made up 
o f o th e r  s m a lle r  p e l l e t s  ( g e n e ra l ly  s t r u c t u r e l e s s ) .  The com posite  
p e l l e t  i s  f a i r l y  common; a good example may be seen  i n  A P l/9 7 /3  
( F ig .60, a p p e n d ix ) . This type  of p e l l e t  p ro b ab ly  form s by th e  
cem enting  to g e th e r  o f e a r l i e r  form ed p e l l e t s  o r  more r a r e l y  
(g e n e ra l ly  r e s t r i c t e d  to  th e  v e ry  f i n e  g ra in e d  p e l l e t s )  by th e  
"grow ing to g e th e r"  o f p e l l e t s .  T hese p ro c e s s e s  e i t h e r  form  
p rim ary  com posite  p e l l e t s  o r  e l s e  beds w hich a r e  su b se q u e n tly  
b roken  up to  form p e l l e t s ,  o r  n o d u le s .
4 . S tru c tu re d  p e l l e t a l  p h osphate  ( F ig .61 , append ix )
T h is  p e l l e t a l  ty p e  shows an in t e r n a l  s t r u c t u r e  b u t i s
d is t in g u is h e d  from  th e  c o n c e n tr ic  and com posite p e l l e t s  by 
th e  f a c t  t h a t  th e  i n t e r n a l  s t r u c t u r e  i s  n e i th e r  c o n c e n tr ic  n o r 
p e l l e t a l ,  b u t i r r e g u l a r .  An example o f t h i s  ty p e  o f p e l l e t  
may be seen  i n  LA139 ( F ig .61, a p p e n d ix ) , i n  which th e  i n t e r n a l  
s t r u c t u r e  o f  th e  p e l l e t  i s  s t r o n g ly  c o n v o lu te d . Few Examples 
o f t h i s  ty p e  o f p e l l e t  have been se e n . The co n v o lu ted  form 
of th e  i n t e r n a l  s t r u c t u r e  su g g e s ts  t h a t  t h i s  ty p e  of p e l le t
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may p o s s ib ly  be formed by th e  p b o s p h a tiz a tio n  of f e c a l  p e l l e t s  
a lth o u g h  RPoSheldon (p e r s . comm. ) r e p o r ts  th a t  s im i la r  i n t e r n a l  
s t r u c tu r e s  1th o u g h t to  be th e  r e s u l t  of a lg a l  a c t i v i t y  a re  p re s e n t  
in  p h o s p h o r ite s  o f  th e  P h o sp h o ria  Form ation«
5» E ncasing  p e l l e t a l  p h o sp h a te  ( F ig s ,62 -63 , appendix)
The p h o sp h a tic  m a te r ia l  i n  t h i s  ty p e  o ccu rs  a s  a t h i n  s k in  
around d e t r i t a l  g ra in s  ( in  most c a se s  q u a r t z ) .  The " s k in ” i s  
g e n e ra l ly  ex tre m e ly  th in  r e l a t i v e  t o  th e  d ia m e te r  o f th e  g ra in  o r  
fragm en t i t  i s  e n c a s in g ; i t  i s  a l s o  commonly o o l i t i c ,  as may be 
seen  in  A P l/398 /0  ( F ig s .62 -63 , a p p e n d ix ) . The encased  g r a in s  
a re  g e n e r a l ly  w e ll rcunded and n o rm ally  f i n e  g ra in e d .  The a ic a s in g  
p e l l e t s  p ro b ab ly  form  in  th e  m anner a s  c a lc a re o u s  o o l i t h s ,  i . e .  by 
th e  d e t r i t a l  g ra in s  a c t in g  as  n u c le i  on which th e  c r y p to - c r y s t a l l i n e  
a p a t i t e  may p r e c i p i t a t e  and th a t  as  th e  g ra in s  a re  g e n t ly  r o l l e d  
around , f u r th e r  la y e r s  o f c i y p t o - c r y s t a l l i n e  a p a t i t e  a r e  added.
This type  o f p e l l e t  may re m a in  d i s c r e t e  o r q u i te  commonly, th e  
la y e r s  ap p ea r to  have co n tin u ed  grow ing u n t i l  thqy a r e  s u f f i c i e n t l y  
th ic k  to  come in to  c o n ta c t w ith  t h e i r  n e ig h b o u rs , so th a t  movement 
of g ra in s  became im p o ss ib le  and p r e c i p i t a t i o n  o f p h o sp h a te  e i t h e r  
ceased  or c o n tin u e d  as  a cem ent.
6 . Sandy p e l l e t a l  p h o sp h a te  ( F i g s .64 -6 5 , a p p en d ix )
T h is  ty p e  of p e l l e t  i s  one o f th e  commonest (and p o s s ib ly  th e  
most common) p e l l e t a l  form  and i s  r e a d i ly  d is t in g u is h e d  by the  
h ig h  p e rc e n ta g e  o f s a n d -s iz e d  d e t r i t a l  g r a in s  w i th in  i t .  The 
d e t r i t a l  g ra in s  a re  g e n e ra l ly  q u a r tz ,  o r  r a r e l y  f e ld s p a r ,  o r  heavy 
m in e ra l g ra in s  such as to u rm a lin e  o r  z i r c o n .  The c r y p to - c r y s t a l l i n e  
a p a t i t e  i s  p r e s e n t  as a cement o r  m a tr ix ,  fo rm ing  up to  5 0 ^  of th e
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t o t a l  p e l l e t  ( F i g . 64, a p p e n d ix ) .  I n  most c a s e s ,  t h e r e  i s  a 
c o n s id e r a b le  d i f f e r e n c e  i n  th e  g r a in  s i z e  o f  th e  d e t r i t a l  q u a r tz  
i n s id e  th e  p e l l e t s  and t h a t  o u t s id e ,  s u g g e s t in g  t h a t  the p e l l e t s  
have been e i t h e r  reworked o r  winnowed. I t  i s  u n c e r t a i n  w hether 
the  p rim ary  fo rm a t io n  of th e  p e l l e t s  r e s u l t e d  from th e  i n i t i a l  
p r e c i p i t a t i o n  i n  a p e l l e t a l  form o f th e  c r y p t o - c r y s t a l l i n e  a p a t i t e  
around d e t r i t a l  g r a in s ,  o r  from th e  cem eriation of bedded d e t r i t a l  
q u a r tz  to  g iv e  bedded p h o s p h o r i te s  which we r e  l a t e r  b roken  up 
and th e  m a te r i a l  rounded to  form p e l l e t s .  I n  some of th e  p e l l e t s  
( F ig .65, a p p e n d ix ) ,  t h e r e  i s  a d i s t i n c t  band ing  o f  t h e  d e t r i t a l  
q u a r tz  w i th in  th e  p e l l e t s .  I n  some c a s e s ,  th e  sandy p e l l e t s  
ap p ea r  to  have formed by th e  a g g re g a t io n  of en cas in g  p e l l e t s .
7 . Cementing phospha te  ( F i g , 66» append ix )
T h is  ty p e ,  i n  many c a s e s ,  d i f f e r s  from th e  sandy p e l l e t a l  
phospha te  on ly  by i t s  la c k  of a p e l l e t a l  o u t l i n e .  I n s t e a d  i t  
has i n d i s t i n c t  b o u n d a r ie s  which may g rade  in t o  c a l c i t e ,  d o lo m ite ,  
g la u c o n i te  o r  c l a y  cements ( F i g . 66, a p p e n d ix ) ,  a l though  th ey  were 
not examined w ith  a u n iv e r s a l  s ta g e  m icroscope t o  con firm  t h i s .  
This ty p e  of g r a d a t io n a l  boundary s u g g e s ts  t h a t  th e  p h o sp h a t ic  
cement may have formed by th e  e a r l y  d i a g e n e t i c  p h o s p h a t i z a t io n  
of th e  o r i g i n a l  cem ent. The cem enting p h ospha te  commonly has  
i n c lu s io n s  of mica (bo th  m uscovite  and b i o t i t e )  which le n d s  
w eigh t to  th e  id e a  t h a t  th e  m a tr ix  was o r i g i n a l l y  c l a y e y .
However, much of th e  m a tr ix  i s  p ro b ab ly  a p rim ary  p h o sp h a t ic  
cem ent.
8. Laminate phosphate  ( F i g s . 6 7 -69 ,  appendix)
This  i s  a common form o f  c r y p t o - c r y s t a l l i n e  a p a t i t e  and
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and is composed of thin elongate laths and laminae which are 
possibly also platey. They are very variable in size ranging
up to 2 mms. in length. Their average width ranges from 0.05 mm.
to 0,1 mm. The laminae frequently are aligned with their long
axes parallel (Fig.67, appendix). Many of the laminae show a
tripartite division into thin upper and lower layers3 in places
showing extremely fine 1,micro laminations" at right angles to
the axis of the macro-lamina (Fig.69, appendix) and a middle
layer which is structureless and very much thicker than the two
outer layers. The outer layers of many of the laminae shows
signs of corrosion - the corrosion possibly resulting from either
the action of micro-organisms or from chemical corrosion (Fig.68,
appendix).
The laminate phosphate has either been formed by the break­
up of what was once thinly bedded phosphorite or alternatively 
is phosphatic shell material. The second possibility is 
the more likely because of the tripartite foim of the laminae.
The original shell material may have been phosphatic (e.g. an 
inarticulate brachiopod) or it may have been a calcareous shell 
which was subsequently phosphatized.
9. Phosphatized Fossils (Fig,70, appendix)
In addition to the laminate phosphate whose fossil affinities 
are somewhat uncertain, fragments of phosphatized shells of 
?lamellibranchs, ?bra,chiopods and other indeterminate fossils 
are fairly common in the phosphorites of the Stairway Sandstone 
(Fig.70, appendix). However, the number of cases of phosphatized 
fossil fragments forming the centres of pellets or even occurring
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anywhere at-all in pellets is remarkably small, especially when 
compared with modern phosphorites such as those of Southern 
California, where a great many of the pellets or nodules contain 
fossils.
10. Secondary phosphates (Figs<>71-74, appendix)
There are probably a large number of secondary phosphate 
minerals in the Stairway Sandstone, resulting from the alteration 
and/or replacement of the original crypto-crystalline apatite* 
However, because of the lack of diagnostic optical properties, 
the extremely complex chemical form of many of the phosphates 
and because a thorough search has not so far been made, only 
one secondary mineral has so far been positively identified - 
corkite*
The presence of corkite - a lead arseno phosphate complex 
(Dana 194?) was first confirmed by Goadby fpers.comm., in Wells, 
Stewart, and Skwarko, 1964), by X-ray diffraction analysis on 
samples from the southern margin of the Henbury sheet area, 
collected by Wells and Stewart, In thin section, the corkite 
appears to be mainly interstitial, forming from 5 to 15^ of the 
total rock* Rarely, it has the form of structureless pellets 
or ooliths (Figs.71-72, appendix)« It is commonly isotropic 
but is distinguished from cryptocrystalline apatite by its 
characteristic bright green colour*
A colourless phosphate mineral commonly with a spherulitic 
habit (Fig073, appendix), occurs in vugs and in matrix and pellets, 
replacing crypto-crystalline apatite (Fig.74, appendix)* In 
specimen HY 762 there is evidence of the mineral being both
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replaced by and replacing corkite. It also occurs subsurface 
in AP3 (specimen AP3/710/0) at a depth of several hundred feet 
so that it is possible that it is also an early stage alteration 
produce of crypto~crystalline apatite, or a phosphate mineral, 
as well as possibly being a recent weathering product. The 
mineral has not been identified any more positively than 
?apatite. Its optical properties suggest that it may be 
dahllite.
Previous ideas on the origin of phosphorites
One of the earliest attempts to explain the origin of 
phosphorites was made by Murray and Renard (l89l), who as a 
result of oceanographic observations made during the"ChailengerM 
voyage suggested that mass mortalities of fish and other marine 
creatures are a major factor in the formation of phosphorites.
They suggested that, ammoniacal solutions derived from the decay 
of organisms would precipitate the phosphate, Blackwelder (1916) 
also considered the decay of marine organisms to be a major factor 
in the precipitation of phosphate, particularly in stagnant basins. 
He postulated that in this reducing environment, the phosphate 
may have replaced carbonate in places0 Mansfield (1918), also 
supported the idea that phosphorites result from the replacement 
of calcium carbonate by phosphate-rich solutions obtained from 
the decay of marine organisms. He later suggested (Mansfield, 
1927), that phosphorites may also be precipitated directly from 
a colloidal suspension of phosphate, A third hypothesis which 
Mansfield (l940) put forward was that fluorine appears to 
play a vital role in the precipitation of phosphorites and
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therefore times of vulcanism, when considerable quantities of 
fluorine are available, would also be times of maximum phosphate 
precipitation, Pardee (1917) invoked climate as being of 
primary importance in the formation of phosphorites and suggested 
that phosphorites such as those of the Phosphoria Formation were 
laid down under cold glacial conditions, when the seas would be 
unsaturated in calcium carbonate; hence deposited calcium 
phosphate would not be "diluted*' by an accompanying precipitation 
of calcium carbonate, Breger (l9il) 9 suggested that bacteria 
is of importance in the concentration of phosphate» This has 
been supported by Baas Becking (195?) who showed that bacteria 
in sea water is able to concentrate phosphate by a factor of 200»
Phosphatic nodules and pellets have commonly been ascribed 
to the phosphatisation of fecal pellets (Hayes and Ulrich,1903; 
Cayeux, 1939), but Emigh (1958) suggests that most phosphatic 
pellets were formed by the phosphatization of calcium carbonate 
pellets, Sauchelli (1962), also strongly supports the idea of 
replacement of calcium carbonate» Frondel (1943), points out 
that the phosphatization of coral limestones occurs on "guano 
islands"«
Poncet (1964) has good evidence to suggest that phosphatic 
pellets and nodules in the Ordovician of France are the product 
of the phosphatization of clay pellets» Jitts (1959) has shown 
that bottom muds may absorb considerable quantities of phosphate»
Bushinski (1964) also considers that the phosphatization of 
silts and clays is an important process but believes that the 
phosphatization occurs in situ and that the silts are later
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winnowed to remove all sediments except the phosphatized silts and 
clays which have aggregated to a pelletal or nodular foim0
Because of textural and other differences "between phosphatic 
pellets and their surrounding sediments, many workers have 
postulated that the pellets have "been reworked from older 
formations, Hayes and Ulrich (1903) consider that the Devonian 
phosphates of Tennessee have been formed by the mechanical reworking 
of Ordovician phosphorites, Adams? Groot and Hiller (l96l) also
suggest that the phosphatic pellets of the Brightsea Formation of 
Maryland may have been derived,
Kazakov (1937) postulated that phosphate may precipitate out 
directly from sea-water given the right physico-chemical conditions. 
He considered that precipitation occurs as cold water ascends onto 
the shelf from the deep parts of the ocean on the western sides of 
the continents. Calcium carbonate would be first precipitated out 
as the temperature and pH of the water increases and the partial 
pressure of CO^ decreases. The calcium phosphate would be 
precipitated out at depths of between 50 and 200 metres. The 
detailed work of the United States Geological Survey on the 
Phosphoria Formation of the Western United States has broadly 
supported the conclusions of Kazakov, McKelvey, Swanson and 
Sheldon (1953), McKelvey et,al,(1959), Sheldon (1963) and 
Cressman and Swanson (1964)? all consider that upwelling ocean 
currents are the primary source of the phosphates and also that 
much of the phosphate is probably precipitated out directly.
They considered however that phosphate is precipitated out before 
calcium carbonate and also that the precipitation took place
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at depths of between 200 and 600 metres. Upwelling currents 
are now generally accepted as being a major (and possibly the 
major) source of phosphate, although Bushinski (1964) has 
suggested that in fact rivers flowing into barred basins are 
capable of bringing in sufficient dissolved phosphate to form 
many of the major phosphorite deposits.
Work by Dietz, Emery and Shepard (1942) on Recent 
phosphorites on the sea-floor off southern California has shown 
that topography may bea major factor in the formation of 
phosphatic nodules for almost all the nodules are found on 
topographic highs and in a strongly oxidising environment«
They considered that the phosphate precipitated directly out 
from a colloidal suspension and formed in situ. Both topographic 
and tectonic control have been found by Bentor (1953) and 
Altschuler (l958) to have influenced the deposition of the 
phosphorites of the Middle East. Unlike the southern California 
phosphorites, they found that the phosphorites occur in the 
synclines which also formed the topographic lows during deposition. 
The depositional environment was apparently strongly reducing. 
Youssef (1965) also points out that the phosphorites of Egypt 
formed in depressions in a strongly reducing environment. He 
considers that the precipitation of phosphate is mainly a 
biochemical process and also questions the validity of the 
upwelling current concept. McConnell (1965) also considers 
that the precipitation of phosphates is brought about by 
biochemical influences and suggests that certain enzymes may 
be of considerable importance in these biochemical processes.
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Few hypotheses have so far been advanced to account for 
the origin of the Stairway Sandstone phosphorites. Cook (l963) 
suggested that the pellets formed in situ, in localized basins 
or depressions when the bottom waters which were saturated with 
phosphate, were subjected to an influx of more oxygenated water 
also carrying detrital quartz and the phosphate precipitated.
Barrie (1964) considered the environment of deposition of the 
phosphorites was oxidizing and that the phosphorites were mainly 
formed on topographic highs. He also suggested that the Horn 
Valley Siltstones underlying the Stairway Sandstone acted as 
a "reservoir” of phosphate which was "tapped" in Stairway Sandstone 
times. Crook (1964) considered on petrographic evidence that 
the phosphatic pellets were detrital allochemical, i.e. that they 
were formed in one part of the basin and then later transported 
to another part by current action.
This brief summary is sufficient to show the diversity of 
previous hypotheses and indicate the difficulty in finding a 
single theory to explain all features of the Stairway Sandstone 
phosphorites.
The Origin of the Stairway Sandstone Phosphorites
From the previous pages of this chapter it is apparent that 
there are several things to be considered in the Stairway Sandstone 
phosphorites s
i) Are the phosphatic pellets the result of reworking of an 
older formation; have they been reworked and transported 
from some other part of the Stairway Sandstone basin of 
deposition or have they formed in situ?
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ii) Were the phosphate pellets precipitated authigenically 
by inorganic or organic means or did they form by the 
diagenetic phosphatization of pre-existing pelletal 
material«
iii) What was the environment•
iv) Did topography and/or tectonics influence the formation 
of phosphorites in any way«
v) What was the primary source of the phosphate,
i) Transported or in situ?
Phosphatic pellets are found in several pre-Stairway 
Sandstone formations of the Amadeus Basin? the Areyonga 
Formation, the Tempe Formation, the Pacoota Sandstone, and the 
Horn Valley Siltstone, However, little reworking of these 
formations is thought to have occurred during StairwaySandstone 
times and in addition, the quantities of phosphate pellets in 
these four formations are extremely small« Reworking even of 
vast areas of these formations would still not give the quantities 
of pelletal phosphate present in the Stairway Sandstone» Reworking 
of an older phosphatic formation can therefore be discounted as 
the source of the Stairway Sandstone phosphorites.
The question of whether the pellets have been reworked 
within the confines of the Stairway Sandstone basin of deposition 
or whether they have formed in situ is a difficult question to 
settle. Examination of thin sections of the pellets immediately 
suggests that the pellets have been transported into their 
final resting place. Crook (1964) considers that the
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allochthonous origin of the phosphate is indicated by the 
following features -
"(a) slight to major differences in modal size of quartz 
between pellet and enclosing sediment"
"(b) different appositional fabric between pellet and 
sediment"
"(c) generally elliptical to ovate, sharp outline of 
pellets"
"(d) truncation of rounded quartz grains within pellets 
to conform with pellet margins"
"(e) darkening of peripheral zone of pellets in some cases".
Barrie (1964) also states that the phosphatic pellets are 
transported, but gives no supporting evidence.
Additional evidence which suggests that the phosphatic 
pellets are transported is the almost ubiquitous relationship 
between phosphate and the incoming of detrital quartz of very 
fine to coarse grained sand size. A rise of both the modal and 
maximum grain size of detrital quartz occurs with the incoming of 
phosphate in the majority of cases.
Change of modal grain size with incoming phosphate
Remains the same
Fall
Rise 85^
6%
Change of maximum grain size with incoming phosphate
Remains the same
Rise
Fail
70 fo 
13 fo 
17fo
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Therefore it appears that there is strong evidence to suggest 
that the pellets are derived or detrital.
If the evidence is examined more carefully however it becomes 
clear that other explanations are equally valid.
The darkening of the peripheral zone of pellets adds no 
weight whatsoever to the allochthonous hypothesis for it is 
probably formed not by sub-aerial exposure, as has been suggested 
by Crook (pers.comm») but by the migration of organic material 
(Emigh, 1958), or by the partial diagenetic pyritization of the 
phosphatic pellet or by the deposition of more organic matter 
during the last accretion of the apatite. In addition, dark 
concentric zones which are clearly not formed by sub-aerial 
exposure occur well within the pellets (Fig.59,appendix), and 
are identical with the dark peripheral zsne.
The present author has seen few cases of truncation of 
rounded quartz grains in the Stairway Sandstone phosphatic pellets. 
By comparison, however, quartz grains quite commonly project out 
of the margins of phosphatic pellets; such a texture could not 
be attributed to transport as the quartz grain would very soon 
be torn from the pellet. Similarly, pellets commonly have 
highly irregular shapes with knobs and re-entrant faces; it 
is most unlikely that such irregular features would survive any 
appreciable transportation.
The difference in appositional fabric and grain size of 
detrital quartz between the pellet and the enclosing sediment 
can be explained by moving the pellets into the environment 
represented by the surrounding sediment as is suggested by
100
Crook (l964) , However the same effect may he achieved by the 
pellets remaining in situ and new sediments (i.e. that now 
surrounding the pellets) being swept into the environment in which 
the pellets are forming and the pre-existing sediment being swept 
out. Alternatively thes ediment may have been brought in, 
phosphorites were precipitated and the sediment was winnowed so 
that only the coarse detrital grains and the phosphatic pellets 
remained.
It is relevant to return to the previous chapter briefly - 
and especially to Pig.27 „ If the pellets were transported then 
the coarsest pellets would be found kn the most coarsely grained 
sedimentation unit. In fact, precisely the opposite occurs, for 
the coarsest pellets are found in composite sedimentation unit F 
- the most fine grained of the units. It is exceedingly difficult 
to explain this size distribution by a ’’transportation theory".
In the author’s opinion the hypothesis of the pellets being 
transported is immediately suspect because of the considerable 
difference in grain size between the phosphatic pellets and 
nodules, which have diameters of up to 5 inches (approximately 
-70), and the accompanying coarse grained sand with a diameter of 
only 00 to 10, Thus, the two types of particles are out of 
noimal hydrodynamical equilibrium. Nor can the argument be 
invoked that the pellets and nodules had much lower specific 
gravities than the associated quartz, as specific gravity 
determinations on nodules (Table II, appendix) have shown the 
average specific gravity of grey pellets to be 2.67 and 2.61 for 
brown pellets; both values are close to the specific gravity
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of quartz (2.65). It is possible to explain away the grain 
size discrepancy by the suggestion that the reason for the 
absence of sand coarser than approximately 00 is that coarser 
material was not available in the source area, or did not reach 
the depositionai area. However, this argument is virtually 
invalidated by the fact that when conglomeratic or pebbly beds 
occur within the Stairway Sandstone they are with few exceptions 
completely non-phosphatic which is completely contrary to what 
would be expected if the phosphatic material was transported.
The only exception known to the author occurs on the southern 
margin of the Amadeus Basin (the Mount Sunday Range and the Erldunda 
Range) where large phosphatic pellets occur in the conglomerate at 
the base of the Stairway Sandstone.
There are also considerable hydrodynamic difficulties in 
moving nodules. The current velocity necessary to transport a 
nodule of 5 inches diameter would be in the order of 200 cms• 
per second (HjuXstrom, 1939). This is faster than the Gulf Stream 
at its fastest point and in the Stairway Sandstone times any such 
current must have swept over the entire basin in order to give the 
widespread pelletal and nodular phosphorites intervals. This 
would have produced tremendous scouring effects within the Stairway 
Sandstone, yet these are not preserved. It is also physically 
impossible for currents of this magnitude to sweep over 40,000 
square miles of shallow seas, for the resistance with the bottom 
would be too great and also phenomenal quantities of water would 
be moved so that many areas of the basin would have literally been 
swept "dry” by the current. Also, if times of maximum deposition
102
of ph o sp h a te  do ind eed  r e p r e s e n t  tim es of ex trem ely  h ig h  c u r re n t  
v e l o c i t i e s ,  th e n  i t  i s  rem ark ab le  t h a t  th e  p h o s p h o r ite s  shou ld  o ccu r 
in  a p red o m in an tly  s i l t y - c l a y e y  sequence which has a l l  th e  f e a tu r e s  
of q u i e t ,  slow  d e p o s i t io n .
T hus, i t  i s  a p p a re n t th a t  th e r e  a r e  many d i f f i c u l t i e s  in  th e  
su g g e s tio n  of a  t r a n s p o r te d  o r ig in  f o r  th e  p h o sp h a tic  m a te r ia l .
In  o rd e r  to  e s ta b l i s h  w h eth er th e  p h o sp h a tic  sed im en ts  have 
been m od ified  by t r a n s p o r t in g  o r by winnowing, th e  t e x tu r a l  f e a tu r e s  
of th e  p h o sp h a tic  p e l l e t s  and t h e i r  a s s o c ia te d  sed im en ts  must be 
examined in  d e t a i l .
F i g .9 shows a number o f cu m u la tiv e  freq u en cy  p lo t s  f o r  specim ens 
from  th e  S ta irw ay  Sandstone o f  API. As has a l re a d y  been m entioned  
in  C hap ter 4 , th e  cu rv es  a t  th e  l e f t  hand s id e  ( th e  co arse  g ra in e d  
end) of th e  p l o t ,  e .g ,  A P l/6 0 l/0  (c) r e p re s e n t  p lo t s  of p h o sp h a tic  
p e l l e t s  and th o se  a t  th e  f in e  g ra in e d  end o f  th e  p lo t  r e p r e s e n t  th e  
s iz e  d i s t r i b u t i o n  of v e ry  f i n e  g ra in e d  sands and a l s o  th e  san d s w ith in  
p h o sp h a te  p e l l e t s .  P lo ts  i n  th e  m idd le o f th e  f i e l d ,  e .g .  A Pl/792/66 
a re  commonly c o a rse  b a s a l  s a n d s . The p lo t  of A P l/5 1 /2  i s  o f a 
p h o sp h a tic  san d s to n e  i n  which b o th  th e  d e t r i t a l  q u a r tz  g ra in s  w i th in  
th e  p h o sp h a tic  p e l l e t s  and th o se  in  the  su rro u n d in g  sed im ent a re  
in c lu d e d  in  th e  g r a in  s iz e  c o u n t. The s in u o u s  form o f th e  cu rv e  i s  
c l e a r ly  th e  r e s u l t  of th e  com bination  o f a "norm al" f in e  g ra in e d  
cu m u la tiv e  freq u en cy  cu rv e  w ith  a "norm al" c o a rs e  g ra in e d  cu m u la tiv e  
freq u en cy  c u rv e .
F ig .31A  shows fo u r  cu m u la tiv e  fre q u e n c y  c u rv e s  from  th e  one 
sam ple (A P I/601 /0 ) -  a sandy p e l l e t a l  p h o s p h o r ite .  Curve A P l/6 0 l/0  (A) 
r e p re s e n ts  a t e x tu r a l  a n a ly s i s  o f th e  f i n e  q u a r tz  w ith in  th e  p e l l e t
Fig 31A
CUMUL AT I VE F R E Q U E N C Y  C U R V E S
g r o i n  s*ze ( p h i )
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and i s  t h e r e f o r e  an  a n a ly s i s  o f  th e  sedim ent i n  which the  p e l l e t s  
formed o r i g i n a l l y .  Curve ÄPl/601/O (h) i s  a t e x t u r a l  a n a ly s i s  of 
th e  c o a rs e  q u a r tz  a s s o c i a t e d  w i th ,  h u t  o u t s id e ,  th e  p h o sp h a t ic  
p e l l e t s  (see  F i g . 75) -  t h i s  p l o t  t h e r e f o r e  i n  e f f e c t  assumes t h a t  
th e  c o a rse  q u a r tz  has  no t moved w ith  th e  p e l l e t s .  A P l /6 0 l /0  (c )  
i s  a s i z e  a n a l y s i s  o f  th e  c o a r s e  q u a r t z  p lu s  th e  p h o s p h a t ic  
p e l l e t s  -  and t h e r e f o r e  i n  t h i s  p l o t  th e  assum ption  i s  made t h a t  
th e  p e l l e t s  have moved w ith  c o a rse  q u a r t z .  A P l /6 0 l /0  (d) i s  
an a n a l y s i s  of th e  p h o s p h a t ic  p e l l e t s  o n ly ,  and t h e r e f o r e  th e  
assum ption  i s  made in  t h i s  c a se  t h a t  e i t h e r  t h e  p e l l e t s  were swept 
i n ,  i n  an e n t i r e l y  s e p a r a t e  ep iso d e  from t h a t  which b rough t i n  the 
c o a rse  q u a r t z ,  o r  a l t e r n a t e l y  t h a t  th e  p e l l e t s  have grown i n  s i t u  
and t h e r e f o r e  t h e i r  s i z e  b e a r s  no r e l a t i o n  to  t h a t  o f  the co a rse  
q u a r t z .  The d i f f e r e n c e s  o f  median g r a in  s i z e s  between the  f o u r  
cu rves  can b e  c l e a r l y  s e e n ,  w i th  f o r  i n s t a n c e  a  m edian g r a in  s i z e  
of about 3 .30  f o r  th e  d e t r i t a l  q u a r tz  w i th in  th e  p h o sp h a t ic  p e l l e t  
and about 10 f o r  th e  d e t r i t a l  q u a r tz  i n  the  su rro u n d in g  sed im en t.  
This d i f f e r e n c e  o f  about 2 .3 0  i n  th e  median d ia m e te r  i s  t y p i c a l  of 
many of th e  p h o s p h o r i te s .
The s ig n i f i c a n c e  of th e  p l o t s  o f  skewness e t c .  have a l re a d y  
been d i s c u s s e d  (C hap te r  4 pages 32 -  34) ; i t  i s  however of va lue  
to  d is c u s s  h e re  t h e i r  s i g n i f i c a n c e  in  term s o f  phospha te  
d e p o s i t io n .
A p l o t  of k u .r to s is  a g a in s t  s ta n d a rd  d e v i a t i o n  ( F ig . l lB )  shows 
t h r e e  f i e l d s  -  I ,  I I I ,  and V. F i e l d  I  r e p r e s e n t s  th e  zone of 
th e  t e x t u r a l  p a ram e te rs  of th e  p h o s p h a t ic  p e l l e t s ;  f i e l d  I I I  i s  
th e  zone o f  th e  d e t r i t a l  q u a r tz  which o ccu rs  w i th in  p h o sp h a t ic
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intervals, "but outside the actual phosphatic pellets; field V 
is the field into which the majority of samples fall - it is the 
field into which the non-phosphatic sands and also the sands 
from within the phosphorite pellets fall. It appears that many 
of the pellets are formed in the environment represented by field V, 
which apparently was the commonest environment of deposition during 
Stairway Sandstone times. Therefore it is field III which 
represents the atypical Stairway Sandstone environment.
The plot of mean diameter against standard deviation (Pig.llA) 
shows fields similar to those of the kurtosis-standard deviation 
plot - fields I and III are identical and are the fields of 
phosphatic pellets and coarse detrital quartz outside phosphatic 
pellets respectively. Field II is the field of coarse sands from 
the non-phosphatic basal sands of the Stairway Sandstone. Field IV 
is the field of the majority of the fine sands of the middle and 
upper part of the sequence together with the fine detrital quartz 
from within phosphatic pellets. Thus again, the evidence suggests 
that the precipitation of phosphate occurs in the "normal" Stairway 
Sandstone environment, particularly the environment of the very 
fine sands and that this environment is strongly dissimilar to 
that of fields II or III. Therefore it is most unlikely that 
a current bringing with it sediments from field III (or field II) 
would also carry with it phosphatic material, for the phosphatic 
material has clearly formed in an environment divorced completely 
from that in which the coarse grained sediments were laid down.
It is also significant that field I (the field of the phosphatic 
pellets) is separated from field III (the field of the coarse
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g ra in e d  d e t r i t a l  q u a r tz  a s s o c i a t e d  w ith  p e l l e t s )  by f i e l d  I I .
I f  t h e  p h o s p h a t ic  p e l l e t s  were d e t r i t a l  then  f i e l d s  I  and I I I  
should a t  l e a s t  be  a d ja c e n t  and shou ld  i n  f a c t  o v e r l a p ,  i n s t e a d  
o f  b e in g  w id e ly  s e p a ra te d  by th e  n o n -p h o s p h a t ic  f i e l d  I I .
The F o lk  an d  Ward (1957) p a ra m e te rs  of s ta n d a rd  d e v i a t i o n ,  
skewness and k u r t o s i s  (see  t a b l e s  3 -4 ,  A p p en d ix ) , o f  th e  d e t r i t a l  
q u a r tz  w i th in  th e  p h o s p h a t ic  p e l l e t s  and t h a t  o u t s id e  th e  
p h o s p h a t ic  p e l l e t s ,  g iv e s  f u r t h e r  c lu e s  t o  t h e  d e p o s i t io n a l  h i s t o r y  
of the  s e d im e n ts .  The s ta n d a rd  d e v i a t i o n  i n d i c a t e s  t h a t  th e  
degree  of s o r t i n g  of th e  d e t r i t a l  q u a r tz  i s  b o th  more c o n s ta n t  and 
b e t t e r  o u t s id e  th e  p e l l e t s  than  i n s i d e .  Skewness v a lu e s  show 
th e  d e t r i t a l  g r a in s  w i th in  the p e l l e t s  are. n e a r  sym m etr ica l w h i l s t  
th o s e  o u t s id e  th e  g ra in s  a r e  f in e -sk ew ed  which s u g g e s ts  t h a t  i t  
i s  n o t  s t r i c t l y  un im odal.  The k u r t o s i s  v a lu e s  i n d i c a t e  t h a t  th e  
q u a r tz  g r a in s  w i th in  the  p e l l e t s  a r e  m e so k u r t ic ,  bu t th e  q u a r tz  
sand o u ts id e  th e  p e l l e t s  i s  l e p t o k u r t i c ,  im p ly in g  th a t  i t  i s  no t 
unimodal and t h a t  i t  r e c e iv e d  i t s  t e x t u r a l  c h a r a c t e r i s t i c s  i n  a n  
environm ent o th e r  than t h a t  i n  which i t  i s  now fo u n d .  A summation 
of the  t e x t u r a l  p a ram e te rs  s u g g e s ts  t h a t  th e  c o a r s e  sands were 
o r i g i n a l l y  l a i d  down in  a h ig h  energy  environment and were l a t e r  
t r a n s p o r t e d  t o  a low energy env ironm en t.
I f  th e  e q u a t io n s  o f  Sahu (1964) a r e  a p p l ie d  to  A P l /6 0 l /0  
( s e e  C hap te r  4, pages  34 -36 , and Table 5 ,  append ix )  i n  o rd e r  to  
f in d  th e  environm ent o f  d e p o s i t i o n ,  t h e  v a lu e  of th e  d i s c r im in a n t  
f u n c t io n  i n d i c a t e s  a beach  environm ent f o r  t h e  c o a r s e  sand o u ts id e  
th e  phospha te  p e l l e t s ,  and a sha llow  w a te r  m arine environment f o r  
th e  f i n e  g ra in e d  sand w i th i n  th e  p h o s p h a t ic  p e l l e t s .  I f  th e
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d i s c r im in a n t  f u n c t i o n  i s  c a l c u l a t e d  out f o r  t h e  p h o sp h a t ic  p e l l e t s  
on the  assu m p tio n  t h a t  th e  p h o sp h a t ic  p e l l e t s  a r e  d e t r i t a l ,  th e n  
a  f l u v i a t i l e  environment i s  s u g g e s te d .  As i t  i s  known from 
o th e r  s e d im e n to lo g ic a l  and p a l a e o n to l o g ic a l  ev idence  t h a t  th e  
p h o s p h a t i c  p e l l e t s  were n o t  l a i d  down i n  a f l u v i a t i l e  environm ent, 
th en  e i t h e r  Sahu’s e q u a t io n s  a r e  i n c o r r e c t  o r  th e  i n i t i a l  
a ssu m p tio n  o f  the  p e l l e t s  b e in g  d e t r i t a l  i s  i n c o r r e c t .  The a u th o r  
con tends  t h a t  i t  i s  p ro b a b ly  th e  i n i t i a l  a ssum ption  o f  d e t r i t a l  
o r i g i n  which i s  in c o r r e c t»  I t  'may be th a t  the  Sahu e q u a t io n s  
a r e  u n a b le  t o  d i f f e r e n t i a t e  betw een f l u v i a t i l e  and t i d a l  channel 
d e p o s i t s ,  b u t  a s  t h e r e  a r e  no sed im en ta ry  s t r u c t u r e s  i n t e r p r e t a b l e  
as  t i d a l  chan n e ls  w i th in  th e  S ta i rw ay  Sandstone , even t h i s  " e s c a p e -  
c l a u s e ” i s  u n a c c e p ta b le .
As m entioned e a r l i e r ,  an i n c r e a s e  of 85^ modal and 70°/o 
maximum g r a in  s i z e s  o ccu rs  w ith  th e  incoming of p h o sp h a te .  This 
may be ta k e n  as ev idence o f  e i t h e r  t r a n s p o r t  o r  winnowing, but 
when th e  amount o f  i n c r e a s e  o f  modal and maximum g ra in  s i z e s  i s  
c o n s id e re d ,  the  ev idence i s  i n  f a v o u r  of winnowing.
F ig .S IB  shows in  h is to g ra m  form th e  amount o f  i n c r e a s e  i n  p h i  
u n i t s  f o r  b o th  tie  modal and maximum g r a i n  s i z e .  I f  t h e  p h o s p h a t ic  
m a te r i a l  was d e r iv e d  and th e  sandy  s edim ent su rro u n d in g  th e  p e l l e t s  
swept i n  w ith  the p e l l e t s ,  then  t h e r e  would be no d i f f e r e n c e  i n  t h e  
d e g re e  of th e  i n c r e a s e  of t h e  medal and maximum g r a in  s i z e s  w i th  
th e  incom ing o f  phospha te  as  b o th  would r e f l e c t  th e  c u r r e n t  v e l o c i t y .  
T h is  i s  c l e a r l y  n o t  th e  c a s e ,  f o r  t h e r e  i s  a v e ry  much g r e a t e r  
i n c r e a s e  i n  modal g r a in  s i z e  th a n  t h e r e  i s  i n  maximum g r a in  s i z e ,  
w i th  t h e  m a jo r i t y  of u n i t s  showing in c r e a s e s  of modal g ra in  s i z e
TKjM
Increase o f  g ra in  s i z e  w ith  the incom ing o f  phosphate
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Pi IJ S I h  Z 3
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of from  2 to  4 ph i u n i t s  (mean o f  2 .8 5  phi u n i t s )  hu t in c r e a s e s  
of maximum g ra in  s iz e  of on ly  from  0 to  2 ph i u n i t s  (mean of 
1 .12  ph i u n i t s ) .  These r e s u l t s  may he a d e q u a te ly  e x p la in e d  
hy winnowing which would remove th e  f i n e r  m a te r ia l  p ro d u c in g  a 
very  marked in c re a s e  i n  th e  modal g r a i n  s i z e ,  w h i ls t  l i t t l e  or 
no in c re a s e  o ccu rs  in  th e  maximum g ra in  s iz e  u n le s s  th e  winnowing 
c u r re n t  a ls o  c a r r i e s  a p p re c ia b le  q u a n t i t i e s  o f c o a rse  san d .
I t  may he t h a t  th e  g r a in  s iz e  w hich was p re v io u s ly  th e  maximum 
g ra in  size , on winnowing w i l l  become th e  modal g r a in  s i z e .
T h e re fo re  i t  ap p e a rs  th a t  th e  m agnitude of th e  in c r e a s e  of modal 
and maximum g ra in  s iz e  w hich o ccu rs  w ith  th e  incom ing o f p h o sp h a te  
fa v o u rs  th e  winnow ing c o n c e p t.
I f  th e  modal and maximum g ra in  s iz e s  of d e t r i t a l  q u a r tz  i n  
th e  sedim ent su rro u n d in g  th e  p h o sp h a tic  p e l l e t s  a re  exam ined 
( F ig ,32) i t  i s  a p p a re n t th a t  th e r e  i s  no c o r r e l a t i o n  w h a tso ev e r 
betw een modal o r  maximum g ra in  s i z e  and in c re a s e  in  t h e  p e rc e n ta g e  
of p h o sp h a tic  m a te r i a l .  The p h o sp h a te  sh o u ld  he accom panied hy 
such a c o r r e l a t i o n  i f  i t  was of d e t r i t a l  o r i g i n ,  w ith  th e  curves 
shown in  F i g . 32 m ig ra tin g  to  th e  c o a rse  s id e  ( i . e .  to  th e  l e f t )  
as th e  p e rc e n ta g e  of p h o sp h a tic  m a te r ia l  in c r e a s e s .  However, no 
such m ig ra tio n  o c c u rs . The curves show a marked h im o d a li ty  hu t 
th e  p o s i t io n  o f  th e  peaks rem ains c o n s ta n t w ith  in c re a s e  in  
p h o sp h a te . The m edian d ia m e te r  of th e  maximum g r a in  s i z e  i s  
rem arkab ly  u n ifo rm  in  th e  fo u r  c l a s s e s  o f p h o sp h a te . The v a lu e s  
a re  as fo llo w s
P e rc e n ta g e  of p h o sp h a tic  m a te r ia l
1 - &
Median d ia m e te r  
1 .250
SIZE DISTRI BUTI ON OF DETRITAL G R A I N S  IN PHOSPHATI C SEDIMENTS
1 -  5 %  phos
0
5 -IQ  % phi
0
0
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P erc e n ta g e  o f p h o sp h a tic  m a te r ia l M edian d ia m e te r
5=10 $
10-20$
20=50$
1 .100
1 .200
1.100
The c o n s is te n c y  o f  th e se  v a lu e s  i s  in c o n s i s t e n t  w i t h  a 
d e t r i t a l  o r ig in ,.
Even more s i g n i f i c a n t  i n  F i g .32 th a n  t h e  absence o f  any 
change in  th e  median v a lu e s  o f th e  c u rv e s  w ith  in c r e a s in g  p h o sp h a te , 
i s  th e  p re se n c e  o f  a prom inent f in e  t a i l  i n  th e  modal g r a i n  s iz e  
c u rv e s 9 which g ra d u a l ly  d is a p p e a rs  w ith  in c re a s in g  p h o sp h a te , 
s u g g e s tin g  a winnowing m echanism 0 T h is  t a i l  i s  p a r t i c u l a r l y  w e ll 
b ro u g h t o u t b y r e p l o t t i n g  th e  fo u r  modal g ra in  s iz e  cu rv es  on 
p r o b a b i l i t y  p ap er (F ig< ,33)0 T his shows t h a t  w ith  low p h o sp h a te  
th e  f in e  t a i l  i s  ex trem ely  w e ll developed? a s  winnowing p ro c e e d s , 
th e  f in e  m a te r ia l  i s  g ra d u a l ly  c a r r i e d  o f f  w ith  th e  co nsequen t 
u p g ra d in g  of th e  p h o sp h a tic  m a te r ia l  and th e  g ra d u a l  lo s s  o f  th e  
f i n e  t a i l .  T his winnowing a c t io n  would m ain ly  make i t s  p re se n c e  
f e l t  i n  th e  f i n e r  m a te r ia l  and t h i s  i s  b o rn e  ou t by th e  low er 
(c o a r s e r )  h a lv e s  o f  th e  cu rv es  w hich a r e  a l l  alm ost i d e n t i c a l  and 
by th e  m edian d ia m e te rs  w hich rem ain  c o n s ta n t w ith  in c re a s e  i n  
ph o sp h a te  co n ten t«  The v a lu e s  o f th e  median o f  th e  cu rves a r e  as
P e rc e n ta g e  cf p h o sp h a tic  m a te r ia l Median D iam eter
1=5$ 
5- 10$  
10- 20$  
20=50$
2 .0 0
1 .7 0
1 o80
2 «00
fo llo w s  s-
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However, skewness, which i s  a measure o f  th e  t a i l s  of a
cu rve ,  should  show a  c o n s i s t e n t  v a r i a t i o n ,  w ith  i n c r e a s e  in
p h o sp h a te  i f  winnowing i s  of im portance  i n  th e  u p g ra d in g  o f
p h o s p h o r i te s .  Ihe r e s u l t s  o b ta in ed  a re  as  f o l l o w s s -
$  o f  p h o s p h a t ic  m a te r ia l Skewness
1-5  $  
5- 10$  
10- 20$  
20- 50$
- 0.25
- 0.83
- 0.37
- 0.50
These skewness r e s u l t s  confirm  th a t  indeed  winnowing i s  of 
major im p o rtan ce  i n  th e  fo rm a t io n  and enrichm ent o f  p hospha te  
p e l l e t  c o n c e n t r a t i o n s .
( i i )  P rim ary  v Secondary o r i g i n
The q u e s t io n  of w hether  th e  p h o s p h o r i te s  a re  in o r g a n ic  o r  
o rg an ic  p rim ary  p r e c i p i t a t e s  o r  w hether th e y  a r e  formed by 
d ia g e n e t i c  rep la cem e n t ,  has a l r e a d y  been m entioned b r i e f l y .
There a r e  few rem ains of m a c r o - f o s s i l s  a s s o c i a t e d  w ith  the  
p h o s p h o r i te s  t o  su g g es t  t h a t  b iochem ica l  c o n t r o l  was of im p o r tan ce .  
However, many o f  th e  p e l l e t s  c o n ta in  b la c k  ?o rgan ic  m a te r i a l  and 
th e  l u t i t e s  in  w h ich  th e  p h o s p h o r i te s  o c c u r  a re  b la c k  and 
carbonaceous so t h a t  a p a u c i ty  of p re se rv e d  m a c ro fo s s i l s  does 
n o t  n e c e s s a r i l y  i n d i c a t e  a s h o r ta g e  of o rg a n ic  m a t e r i a l .  I t  i s  
t h e r e f o r e  im p o ss ib le  to  say w hether p r im ary  p r e c i p i t a t i o n  was 
o r g a n i c a l l y  or i n o r g a n i c a l l y  c o n t r o l l e d .
I t  i s  l i k e l y  t h a t  a t  l e a s t  some and perhaps  even a l l  of the  
s t r u c t u r e l e s s  p e l l e t a l  p h ospha tes  a r e  p r im ary  p r e c i p i t a t e s .  The 
p h o s p h a t ic  m a te r ia l  i n  th e s e  p e l l e t s  has  th e  appearance  o f  h a v in g
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c r y s t a l l i z e d  out as c r y p t o - c r y s t a l l i n e  a p a t i t e  from a c o l l o i d a l  
s u s p e n s io n .  The s t r u c t u r e l e s s  p e l l e t s  have ex tre m ely  sh a rp  w e l l  
d e f in e d  o u t l i n e s  even when th e  su rro u n d in g  sedim ent i s  l im e s to n e .
Had th e  p e l l e t  been formed b y d i a g e n e t i c  rep la cem e n t o f  t h e  
l im e s to n e ,  then  th e  boundaiy  would p ro b ab ly  have been d i f f u s e .
The e n c a s in g  p e l l e t a l  phosphate  may a l s o  be a prim ary  p r e c i p i t a t e ,  
p r e c i p i t a t i n g  out i n  much the  same way a s  a r a g o n i t e  d o e s ,  w ith  
d e t r i t a l  g r a in s  form ing th e  n e u c l e i i .  Pa tchy  developm ents o f  
p h o s p h a t ic  cement o ccu r  in  some san d s to n es  which l a c k  any o th e r  
cement • This s u g g e s ts  t h a t  t h e r e  would have been  n o th in g  f o r  
th e  phospha te  to  r e p la c e  and t h a t  t h e r e f o r e  th e  p h o sp h a te  cement 
must be a p r im a iy  p r e c ip i ta te « ,  F i n a l l y ,  t h e r e  appea rs  to  b e  a 
v e ry  common a s s o c i a t i o n  between p h o sp h a te  and d e t r i t a l  m a te r i a l  
i n  th e  range 30 to  40 s u g g e s t in g  t h a t  t h e  p r e c i p i t a t i o n  o f  
p h o sp h a te  may i n  some way be h e lp ed  by th e  p re sen ce  of d e t r i t a l  
m a te r i a l  i n  t h i s  s i z e  range«, Such an a s s o c i a t i o n  i s  n o t  however 
shown by c a l c i t e ,  c lay  o r  g la u c o n i t e ,  so th a t  i f  t h e  p h o s p h a t ic  
m a te r i a l  was m ain ly  formed by th e  rep lacem en t o f  one o r  o th e r  o f  
th e s e  m in e ra ls  , i t  would n o t  show t  h i s  a s s o c i a t i o n  w ith  30 to  
40 m ateria l« , Therefore«, as  t h i s  a s s o c i a t i o n  i s  i n  f a c t  found , 
th e n  i t  fo l lo w s  t h a t  th e  phospha te  i s  i n  p a r t  a p r im a iy  p r e c i p i t a t e .
The phospha te  i s  c l e a r l y  d ia g e n e t i c  i n  p a r t ,  e . g .  i n  th e  
s t r u c t u r e d  p e l l e t  where i t  m a y b e  r e p l a c i n g  f e c a l  p e l l e t s  o r  i n  
th e  p h o sp h a t iz e d  f o s s i l s  ( F ig e70, appendix) -  b u t  b o th  t h e s e  ty p e s  
of pho sp h a te  a r e  f a i r l y  r a r e .  There i s ,  however, e v id e n c e  to  
su g g es t  t h a t  p h o s p h a t i z a t io n  of c a l c i t e  a n d /o r  d o lo m ite ,  g l a u c o n i t e  
and c la y  o c c u rs  i n  a. number o f  c a s e s .  Some t h i n  s e c t io n s
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( e .g .  A PI/244/0  -  F i g . 66, append ix )  show a g r a d a t i o n a l  boundary 
between p h ospha te  ( in  th e  form o f  c r y p t o - c r y s t a l l i n e  a p a t i t e )  
and a d ja c e n t  c a rb o n a te ,  g l a u c o n i t e  and c l a y ,  th u s  s u p p o r t in g  
re p la c e m e n t ,
Replacement o f  g la u c o n i te  i s  a l s o  s u p p o r te d  by b o th  t h e  shape 
and s i z e  of th e  s t r u c t u r e l e s s  p e l l e t s  b e in g  i d e n t i c a l  w ith  
g la u c o n i te  p e l l e t s  i n  some t h i n  s e c t i o n s .  T h is  however may 
m ere ly  show th a t  phosphate  p r e c i p i t a t e s  a r e  formed im a s i m i l a r  
way to  g la u c o n i te  p r e c i p i t a t e s .  The s u g g e s t io n  of th e  
p h o s p h a t i z a t io n  of g la u c o n i te  i s  a l s o  co u n te red  to  some e x te n t  by 
th e  f a c t  t h a t  numerous g r a i n s  o f  g la u c o n i t e  w ith  sharp  f r e s h  
m argins have a l s o  been observed  w i th in  p h o sp h a te  p e l l e t s .
S im i l a r l y ,  a few p h o s p h a t ic  p e lF e ts  have rims o f  g la u c o n i t e  which 
a l s o  show no s ig n s  of chemical c o r ro s io n  o r  a l t e r a t i o n  a t  the  
i n t e r f a c e ,  (F ig „ s 7 6 -7 7 , ap p en d ix ) .
The p h o s p h a t i z a t io n  of c a l c i t e  i s  known to  occur f a i r l y  r e a d i l y .  
I t  c e r t a i n l y  ta k e s  p la c e  i n  some o f  th e  S ta irw ay  Sandstone f o s s i l s  
which o r i g i n a l l y  had c a lc a re o u s  s h e l l s .  The s i m i l a r i t y  o f  some o f  
th e  p h o s p h a t ic  forms (such  as th e  en ca s in g  p e l l e t s )  to  c a l c i t e  
o o l i t h s  and o th e r  forms of c a l c i t e  s u g g e s ts  t h a t  th e y  may have 
formed by r e p la c e m e n t .  Emigh (1958) s t r o n g ly  ad v o ca te s  t h i s  l i n e  
of argum ent. However, as w ith  g la u c o n i t e ,  i t  may w e ll  be th a t  
th e  s i m i l a r i t y  of form i s  m ere ly  due to  a s i m i l a r i t y  i n  th e  mode 
of p r e c i p i t a t i o n .
The r e p la c e m e n t  of c la y s  by phospha te  p r e s e n t s  c o n s id e ra b le  
chem ical problem s f o r  i t  i s  d i f f i c u l t  t o  r e p la c e  a c la y  by a 
m in e ra l  such as a p a t i t e .  I n  s p i t e  of t h e  chem ical o b s ta c le s
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how ever, i t  ap p ea rs  th a t  such  a rep lacem en t may t a k e  p la c e .
The g r a d a t io n a l  boundary h as  a lre a d y  been  m entioned as ev id en ce  
o f  re p la c e m e n t.  In  a d d i t io n ,  m ica which i s  common in  a c lay ey  
(b u t n o t a g la u c o n i t ic  o r  c a i c i t i c )  m a tr ix ,  i s  a l s o  ex trem ely  
common in  th e  p h o sp h a tic  p e l l e t s .  I t  h as  a l s o  b een  found th a t  
o f th e  sandy p e l l e t s ,  th e  one w ith  th e  m ost p o o rly  s o r te d  in c lu d e d  
d e t r i t a l  q u a r tz  and th e r e f o r e  th e  ones l i k e l y  to  have o r ig i n a l l y  
had th e  maximum amount of c lay ey  m a tr ix  (b eca u se  o f th e  la c k  of 
s o r t in g )  a re  found to  be th e  p e l l e t  w ith  th e  h ig h e s t  p e rc e n ta g e  
o f P^Op., i . e .  t h e  h ig h e r  th e  o r ig i n a l  q u a n t i ty  o f c la y e y  m a tr ix  
p r e s e n t ,  th e  r i c h e r  th e  u l t im a te  p h o sp h a te .
T h e re fo re , i t  ap p ea rs  t h a t  w ith in  th e  S ta irw ay  S an d sto n e , b o th  
p rim ary  and seco n d ary  ( r e p la c in g  g la u c o n ite ,  c a rb o n a te s  and c la y s ) ,  
p h o sp h a tes  o ccu r and t h a t  th e r e  i s  no s i n g l e  p h o s p h a tiz a tio n  
p ro c e s s  as has been  su g g e s te d  f o r  many o th e r  p h o s p h o r i te s .
P i g »35 in d ic a te s  i n  d iagram m atic  form  th e p ro c e s se s  in v o lv ed  
i n  th e  fo rm a tio n  of t h e  p h o s p h a tic  sed im en ts  i n  th e  S ta irw ay  S andstone . 
W h ils t th e  te rm s "prim ary" and " e a r ly  d ia g e n e s is "  a r e  u se d , in  f a c t  
th e  two p ro c e s se s  w ere p ro b ab ly  g o in g  on a lm o st s im u lta n e o u s ly . 
Winnowing may t a k e  p la c e  b e fo re  o r  a f t e r  d ia g e n e t ic  p h o s p h a t iz a t io n .  
The d iagram  in d ic a te s  t h a t  w ith o u t d ia g e n e s is  o r  winnowing or b o th ,  
on ly  s l i g h t l y  p h o sp h a tic  a r e n i t e s  r e s u l t .  The r i c h e s t  p h o sp h o r ite s  
a r e  p ro b ab ly  formed when b o th  d ia g e n e s is  and winnowing ta k e  p la c e .
( i i i )  The Ihvironm ent o f D e p o s itio n
Cook (1963) and B a rr ie  (1964) su g g es ted  th a t  a t  th e  tim e of 
p r e c i p i t a t i o n  o f p h o sp h a te , c o n d itio n s  w ere i n  p a r t  o x id iz in g .  
R eferen ce  to  F ig .21 shows t h a t  th e  main p h o sp h a tic  p o r t io n  o f
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th e  S ta irw ay  S andstone i s  a l s o  th e  zone o f g r e a t e s t  p y r i t e .
T his to g e th e r  w ith th e  b la c k  c o lo u r o f  th e  i n t e r v a l  (chroma 
N2 to  N4) in d ic a t in g  th a t  o rg a n ic  m a tte r  i s  p ro b ab ly  v ery  
common, su g g e s ts  t h a t  th e  o v e r a l l  environm ent was red u c in g  
(Eh o f  about - 0 .2  -  se e  F ig .2 2 ) ,  However th e  q u e s tio n  o f  th e  
Eh i s  n o t p a r t i c u l a r l y  r e le v a n t  as th e  p r e c i p i t a t i o n  of a p a t i t e  
i s  on ly  pH c o n t ro l le d .  The work o f Krumbein and G a rre ls  (1952) 
shows th a t  th e  pHLlay w ith in  the ran g e  7 ,0  to  7 .8  d u r in g  th e  
d e p o s i t io n  of th e  p h o s p h o r i te s .  W hether th e s e  pH -  Eh c o n d itio n s  
w ere r e p r e s e n ta t iv e  o f  th e  m acro -en v iro n m en t, i . e .  th a t  o f  th e  
bottom  w a te r ,  o r as i s  su g g es ted  by B u sh in sk ii  (1964 ), o f  th e  
bo ttom  muds, i s  a l i t t l e  u n c e r t a in .  The g r e a t e s t  c o n c e n tra t io n  
o f p hosphate  occurs in  th e  i n t e r v a l  200 ' to  5 0 0 ',  th e  zone o f  th e  
com posite  s e d im e n ta tio n  u n i t s  D, E and F ( F ig ,25) which a re  th o u g h t 
(by r e fe re n c e  to  th e  e p e i r ic  s e a  m odel) t o  have been l a i d  down 
in  f a i r l y  sha llow  w a te r c o n d i t io n s .  T h e re fo re  i t  may be t h a t  th e  
pH c o n d itio n s  of th e  environm ent i s  a r e f l e c t i o n  o f  sh a llo w e r w a te r  
e p e i r ic  s e a  c o n d i t io n s .
( iv )  Topography and T e c to n ic s
B a r r ie ,  (1964) co n s id e re d  t h a t  th e  d e p o s it io n  o f  th e  S ta irw ay  
Sandstone p h o sp h o r ite s  o ccu rred  on to p o g rap h ic  h ig h s . He to o k  as 
h i s  e v id e n c e  a r id g e  o f U pper P ro te ro z o ic  sed im en ts  n o rth  o f  AP4.
He c o n s id e re d  th a t  th e  r id g e  was a ls o  a subm arine h ig h  d u r in g  
S ta irw ay  Sandstone t im e s ,  and th a t  th e  p h o sp h o r ite s  found i n  AP4 
w ere i n i t i a l l y  formed on t h i s  h ig h .  There i s  how ever no g e o lo g ic a l  
ev idence  th a t  th e  r id g e  was an O rd o v ic ia n  h ig h .  The p a la e o c u r re n ts  
m easured i n  th e  S ta irw ay  Sandstone j u s t  n o r th  o f  AP4 flow  due n o r th ,
55
' te  1 *»st-s f o r  the  p h o g r h a t ic  c n r i chv. . , o f
S t n i r w a y  S a n d s to n e  p e d i m e n t s .
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straight across the postulated high with no deflection whatsoever. 
Therefore as the Upper Proterozoic ridge on which the ’’topographic 
influence" hypothesis of Barrie (1964) is based has been shown to 
have exerted no influence on sedimentation, then the entire theory 
must be discarded until more reliable evidence is available.
Wells (pers.comm.) reports that in the Kemot Range 
south east of AP4 there is geological evidence of a topographic high 
(probably an island) in the Stairway Sandstone seas. However, no 
information on the Stairway Sandstone phorphorites or current 
directions is available from this area to show whether or not this 
more definite "high” influenced sedimentation. Had there been any 
submarine highs in the Stairway Sandstone seas then it is extremely 
likely they would have influenced the deposition of phosphorites. 
Phosphorites on a topographic high would have been more susceptible 
to winnowing (and therefore of a higher grade) than those deposited 
on the sea floor. However such a process cannot be invoked until 
sub-marine topographic highs in the Stairway Sandstone can be proved.
The isopachous map of the middle Stairway Sandstone (Fig.l4A) 
shows a marked thinning along a line through the Seymour Range, 
the Chandler Range, and the James Range (the shaded area in 
Fig.l4A), dividing the basin into two with the western half 
possibly representing more open marine conditions in which the 
phosphorites appear to be common and the eastern half, in which 
conditions were more paralic. This line of thinning may merely 
be a line along which deposition was minimal but it may also 
represent a topographic high which influenced sedimentation.
It would certainly appear to have affected the overall picture
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of sedimentation in the "basin, "but whether it also locally affected 
the deposition and/or enrichment of phosphorites is uncertain.
The present rather sparse evidence suggests that the phosphorites 
were not in fact affected.
Tectonics are thought to have played little part in 
influencing sedimentation, for the Ordovician was a time of little 
or no activity in the Amadeus Basin. There may he numerous minor 
disconformities within the Stairway Sandstone all of which may 
have influenced the deposition of phosphorites, hut there are 
certainly no unconfoimities or evidence of earth movement of any major 
kind within the foimation, (except see page 125).
Therefore, at the present time there is no evidence to suggest 
that the deposition of the Stairway Sandstone phosphorites has been 
influenced hy topography or tectonics.
(v) The Primary Source of the Phosphate
Any attempt to establish the primary source of the phosphate 
in the Stairway Sandstone is fraught with difficulties, the main
one being that the lack of an adequate number of P 0 analyses2 5
makes it impossible to estimate the quantity of phosphate in the 
Stairway Sandstone with any degree of accuracy. However, as it 
is necessary to have some idea of the quantity of phosphate 
involved, an estimation is attempted belows
(a) The basic assumption is made that the total quantity of
PgO,- in section API is approximately equal to that present 
in any other section of Stairway Sandstone in the basin.
The philosophy behind this assumption is that as winnowing 
has been shown to be an important mechanism then in the
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thinner sections it is likely that winnowing has been 
extremely active so that a thinner section results, 
with abundant pellet concentrations, hut the total 
quantity of phosphate remains the same»
(b) Density of the phosphatic material - 2 »7 x 62 lb/cu.ft.
(c) The quantity of apatite in API may be calculated from 
the average values obtained for the composite units given 
in Table 10 (appendix):
Unit A
phosphate * 11 x 4*25 x 2,8 » 131 percent/ft 
Unit B
phosphate - 22 x 0*42 x 7«1 s 66 percent/ft 
Unit C
phosphate = 48 x 0*54 x 7.2 = 186 percent/ft 
Unit D
phosphate = 61 x 0.17 x 11.8 = 122 percent/ft 
Unit E
phosphate = 43 x 0.23 x 13.8 = 136 percent/ft 
Unit F
phosphate = 8.x2.75 x 4.5 = 9 9  percent/ft
Total phosphate = 732 percent/ft of apatite 
= 315 percent/ft of P^ O,-
In addition if the average values quoted by Rankama and 
Sahama (l950) are taken for the non~pelletal arenitesand lutites 
then there is a further quantity of
(250 x 0,08 + 200 x 0.16) percent/ft of P^ O,- 
= 52 percent/ft of P^O^
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Therefore the total quantity of P^O^ in API = 567 percent/ft
(d) The total weight of P 0_ present in a 1 sq.ft« column2 b
right through the Stairway Sandstone near API
* 367 x 2.7 x 62 
100
= 600 lb. of P 0_ (per cylinder of 1 sq.ft.2 5
cross-section)
(e) The Stairway Sandstone crops out over an area of 40,000 
square miles but it is estimated that 10,000 square 
miles of this is occupied by poorly phosphatic red-beds 
and carbonateso
The area of phosphatic sediments:
- 30,000 x (5280)^ square feet 
= 84 x 10x"sq.feet
(f) Taking assumptions (a) as valid, the totalquantity 
originally present in the Stairway Sandstone:
= 6o0 x 1CT x 8.4 x 10^ tons
2240
= 283 x IQ'*"*' tons of PpOr-
- 5„4 x IQ'*'" tons of apatite 
= lo7 x 10JL~ tons of P .
(vii) Stairway Sandstone times are thought to have lasted for
approximately 20 million years. Therefore the average quantity
of phosphorus deposited per annum was:
1.7 x 10^  ^tons 
72 x 10
3= 8,5 x 10 tons of P, per annum
Buskinskii (1964) suggests that rivers are capable of
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supplying abundant inorganic phosphorus» He states that the 
amount of dissolved inorganic phosphorus brought down the River 
Volga each year is 6,000 tons» 8,500 tons are estimated to 
have been deposited each year during Stairway Sandstone times» 
Therefore it is not outside the s cope of one large river to bring 
down a sufficient quantity of phosphorus to form the Stairway 
Sandstone phosphorites» However the presence of a large river 
appears to be incompatible with the slow rate of sedimentation 
which occurred in Stairway Sandstone times, unless the river 
carried an exceptionally small amount of detrital material in 
the bed-load»
11The estimate of 2»3 x 10 tons of P^ O^ . ^or original
quantity of P 0^. deposited represents a considerable concentration,
particularly when it is considered that the present oceans are
estimated to have 3»2 x 10 ' tons of P^ O^ . (McKelvey et aj^ », 1959)»
It is interesting to note that McKelvey estimates the total quantity
12of Po0_ in the Phosphoria as 1<>7 x 10 tons (therefore seven 
c o
Stairway Sandstones equals one Fhosphorial), and considers that such 
vast quantities of phosphate could only have come from the oceans. 
Sheldon (1963) has good evidence to show that upwelling oceanic 
currents were the source of the phosphorus» The richest 
phosphorites are for instance found in the seaward direction»
Such a distribution is unlikely to occur if rivers were the source 
of the phosphorus» The distribution of the red-beds, carbonates 
and phosphatic siltstones and shales of the middle part of the 
Stairway Sandstone (Pig.16), bears a close similarity to the 
distribution of the same three lithologies in the Phosphoria of
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Western Wyoming (Sheldon, 1963). As in the Phosphoria, the 
phosphorites of the Stairway Sandstone occur on the seaward side 
of the basin. Therefore, "by comparison with the much better 
known Phosphoris it is likely that the phosphate of the Stairway 
Sandstone also originated from the oceans and probably from 
upwelling currents. Comparison of Fig.16 with Sheldon (1964,
Fig.86) will show that such an analogy between the two formations 
is valid.
Summary
The phosphorites of the Stairway Sandstone are widespread 
but are found particularly in the middle part of the formation.
The phosphorites cannot be regarded as being of high grade but 
beds do contain up to 22$ PgO^. There are ten modes of 
occurrence of phosphatic material, many of which superficially 
look as if they are of detrital origin. However, textural work 
has showed that the majority of phosphorites have been winnowed in 
situ. Whilst some of the phosphate was probably a primary 
precipitate, several of the phosphatic forms also have apparently 
formed by alteration of glauconite, carbonates and clays. There 
is no evidence to prove that the phosphorites have formed on 
t op ographic highs.
Considerable quantities of phosphate are present within the 
Stairway Sandstone and by analogy with the Phosphoria Formation it 
is thought that upwelling oceanic currents were the major primary 
source of the phosphate. However it can be demonstrated that it 
is possible for one large river to bring the amount of phosphate 
deposited per annum in the Stairway Sandstone times.
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CHAPTER 9
THE PALAEOGEOGRAPHY AKD DEPOSITIONAL HISTORY OF THE STAIRWAY SANDSTONE 
G e n e ra l
I n  th e  p re c e d in g  c h a p te r s  v a r io u s  f a c e t s  o f th e  h i s t o r y  o f  th e  
S ta irw a y  S a n d sto n e  hav e  been  e l u c i d a t e d .  A ll  th e s e  a re  now b ro u g h t 
t o g e t h e r  to  b u i l d  up an i n t e g r a t e d  p i c t u r e  o f th e  p a la e o c l im a te ,  
p ro v e n a n c e , p a la e o g e o g ra p h y , and e n v iro n m e n ta l  c o n d i t io n s  p r e v a le n t  
d u r in g  S ta irw a y  S a n d sto n e  tim es»
P a la e o c l im a te
The s m a ll  amount o f  p a la e o m a g n e tic  d a ta  w h ich  i s  a v a i l a b l e  f o r  
t h e  O rd o v ic ia n  o f  A u s t r a l i a  s u g g e s ts  A u s t r a l i a  was p ro b a b ly  w i th in  
th e  T o r r id  Zone o f  th e  n o r th e r n  h e m is p h e re  ( B a in s ,  1963^ I r v i n g ,
1964 , B r id e n , 1964)» A s u g g e s te d  p a l a e o l a t i t u d e  p i c t u r e  w hich i s  
n o t  i n c o n s i s t e n t  w ith  th e  p a la e o m a g n e tic  d a ta  i s  g iv e n  in  F ig s .3 6 - 3 8 .  
T h is  p i c t u r e  s u g g e s ts  t h a t  th e  p o s tu l a t e d  o p e n in g  o f th e  Amadeus B a s in  
t o  th e  p r e s e n t  day  n o r th - w e s t  d u r in g  S ta irw a y  S a n d s to n e  t im e s  would 
h av e  b een  to w a rd s  th e  w e s t .  A w e s t e r ly  a s p e c t  w ould h av e  b e e n  i n  
th e  p a th  o f  co ld  p h o s p h a te - b e a r in g  c u r r e n t s  w e l l i n g  up on th e  w e s t 
s id e  o f  th e  c o n t in e n t  i f  O rd o v ic ia n  o c ean  c u r r e n t s  w ere  s i m i l a r  to  
p r e s e n t  day o n e s . A p a l a e o l a t i t u d e  i n  t h e  o r d e r  o f  15°N w ould p ro b a b ly  
p la c e  th e  Amadeus B a s in  w i th in  th e  t r a d e  w ind b e l t ,  s u g g e s t in g  a 
d e s e r t  c l im a te .
The m idd le  S ta irw a y  may c o n ta in  e v a p o r i t e s ,  s u p p o r t in g  an  a r i d  
c l im a te .  The f e l d s p a r  g r a in s  o f t h e  m id d le  and u p p e r  S ta irw a y  a re  
a l s o  f r e s h  and w e l l  ro u n d e d , a g a in  im p ly in g  a  d e s e r t  c l im a te .
H ow ever, th e  m a tu r i ty  o f  th e  lo w e r  S ta irw a y  o r t h o q u a r t z i t e s  may 
mean th e  c l im a te  was hum id t r o p i c a l  so  t h a t  c h em ica l a c t i o n  was
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severe. Alternatively this super-maturity can be achieved by 
fairly normal weathering of a predominantly sedimentary provenance. 
However* the lack of feldspar in the lower Stairway fairly certainly 
suggests that the weathering in the source area was more severe 
than during middle and upper Stairway times.
Provenance
The petrology of the Stairway Sandstone is perhaps best 
explained by a desert hinterland from which little or no material 
is derived but through this area flow a few rivers, bringing down 
detritus from the more tropical areas to the Ordovician south.
Within this source area fairly severe weathering makes it 
difficult to be sure whether the provenance was plutonic or 
sedimentary.
In the lower Stairway there is little obvious evidence of 
reworked sediments however, as mentioned in Chapter 2 the abundance 
of common quartz in fact suggests that most of the quartz grains 
have been recycled. In many areas at the top of the lower Stairway 
there is a prominent pebble band; the pebbles are mainly of meta­
quartzite and silicified sandstone. These pebbles may represent a 
local sedimentary source (a pebbly silicified sandstone ° such as 
uplifted Winnall Beds of the upper Proterozoic). Therefore the 
major source area in lower Stairway times was probably sedimentaiy 
mainly quartz arenites) and probably lay some distance to the south, 
although right at the top of the unit the source area was in part at 
least, of nearby sedimentary rocks.
In middle Stairway times, the abundance of common quartz again 
suggests a predominantly sedimentary provenance. Some of the fresh
I l y o o
P g la e o g e o g raphy of the Stairway Sandstone (lower'l
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w ell rounded f e ld s p a r  g ra in s  a re  p ro b a b ly  d e r iv e d  from  th e  
n earb y  d e s e r t  a rea s»  The heavy m in e ra ls  s t r o n g ly  su g g est th e  
p rovenance i s  p lu to n ic  ( g r a n i t i c )  i n  p a r t ,  f o r  i n  one specim en 
(See F ig» 7) eu h ed ra i g ra in s  o f z i rc o n  occur in  c o n ju n c tio n  w ith  
ex trem ely  w e ll-ro u n d e d  g ra in s»  T h is  su g g e s ts  t h a t  th e  w e ll 
rounded z irc o n  i s  second c y c le  m a te r ia l  o b ta in e d  by rew o rk in g  o f 
sed im en ts  (m ain ly  q u a r tz  a r e n i t e s )  w h i ls t  th e  eu h ed ra i z irc o n  i s  
f i r s t  c y c le  m a te r ia l  d e riv e d  from  a p lu to n ic  ( ? g r a n i t i c )  source»
The p re se n c e  of red -b ed s  in  th e  m iddle S ta irw ay  o f th e  Mount 
C h a r lo t te  embayment i s  th o u g h t to  i n d i c a t e  l a t e r i t i c  w e a th e r in g  
in  th e  so u rce  a re a  o f some o f  th e  sed im en ts»
In  u p p er S ta irw ay  tim e s  abundant common q u a r tz  a g a in  s u g g e s ts  
a p red o m in an tly  q u a r tz  a r e n i t e  so u rc e  area»  The p re sen ce  o f c h e r t  
su g g e s ts  t h a t  th e  p rovenance may have b een  c a lc a re o u s  i n  p a r t»
The absence of e u h e d ra i g ra in s  of heavy m in e ra ls  su p p o rt a w ho lly  
sed im en ta ry  source»
P alaeogeography  ^See F ig s »36-38 <=> ad ap ted  from  J .G .T o m lin so n ,p e r s . comm. 
As m entioned e a r l i e r ,  i t  i s  p o s tu la te d  t h a t  th e  p re s e n t-d a y  
Amadeus B asin  was f o r  much o f S ta irw ay  S andstone  tim es th e  m ajor 
p a r t  o f an embayment s i t u a t e d  a t  a p a l a e o la t i t u d e  o f  about 15°N»
The dom inant p a la e o c u r re n t  d i r e c t i o n  was from  th e  p re s e n t-d a y  
s o u th - e a s t ,  th e r e f o r e  i t  i s  p ro b a b le  t h a t  a la n d  mass la y  to  th e  
s o u th -e a s t  and so u th  f o r  much o f  S ta irw ay  S andstone tim es»
At th e  c lo se  o f Horn V a lley  S i l t s t o n e  tim es s e d im e n ta tio n  was 
r e s t r i c t e d  to  a f a i r l y  d eep , sm all b a s in  o r  embayment» Lower 
S ta irw ay  tim es  opened w ith  th e  developm ent o f a s u b s id ia ry  
embayment in  th e  s o u th -e a s t  e i t h e r  due to  th e  b re a c h in g  o f some
r ig  J /
Pal g eQ ge& grap hy o f  th e  S ta irw a y  Sandstone (middle''
v-.-w .  ■1' ?» . ' ■■•. / • . ..
wmsimm®*Wm\*m:rnm
l i i l ® x
3 0 °  N
l i l i i Ä l Ä i i '
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barrier or more likely, due to a local downwarping in the 
south-easto It would seem that during lower Stairway times 
the southern margins of the basin were formed by fairly high 
cliffs of Cambrian and Upper Proterozoic sediments (there is 
evidence of cliffs up to 100 feet high in the Mount Sunday range 
area)9 but that once inlahd, the country was probably flat desert 
with little relief andno local drainage. Further south and 
south east was a large mass of sedimentary rocks (and minor 
plutonic rocks), possibly with fairly high relief. This area 
may have corresponded to the areas of Upper Proterozoic sediments 
in the northern parts of South Australia or in the Flinders Ranges 
area of South Australia. These areas lay within a zone of higher 
rainfall. A river or rivers flowed from this area, finally 
entering the sea somewhere in the vicinity of the present day 
Amadeus Basin. To the present day east and south east lay a 
ridge or peninsular (possibly a fairly broad one with moderate 
relief) which severely restricted the connection between the 
Amadeus Basin and the Tasman Geosyncline. To the north-west 
a broad open shelf connected the basin with open ocean which was 
situated in the position of the present-day Indian Ocean - Timor 
Sea.
The same palaeogeographic picture persisted throughout middle 
Stairway Sandstone times except that sediment from the rivers 
postulated for lower Stairway times probably no longer reached the 
Amadeus Basin due to the formation of a barrier or alternatively 
the rivers now carried very much less detritus in response to a 
lessening of the rainfall - perhaps due to an expansion of the
f i g  38
P g la e o g e o g ra p h y  o f  the  Sta i rw a y  Sandstone (upper)
124  -
d e s e r t  b e l t .  The h in te r la n d  was p ro b a b ly  a wide p en e p la in e d
d e s e r t  a r e a .  The e a s t  r id g e  was p ro b ab ly  now more p rom inen t and 
alm ost
th e  Amadeus B asin  /  c o m p le te ly  c u t  o f f  from  th e  seas  to  th e  
e a s t .
W ith th e  incom ing of th e  Upper S ta irw a y , th e  p a la e o g e o g ra p h ic  
p i c tu r e  changed f a i r l y  r a d i c a l l y  and s e a s  t r a n s g re s s e d  o v e r  th e  
p e n e p la in e d  land  a r e a .  The d e e p e s t a r e a s  o f th e  b a s in  s t i l l  la y  
to  th e  n o r th  but th e  s o u th - e a s t  embayment had ceased  to  e x i s t  and 
th e  seas  were v e ry  much more e x te n s iv e .  The te rm  " b a s in "  was 
p ro b a b ly  n o t a p p l ic a b le ;  in s te a d  th e r e  w§s a  v e ry  b road  s h e l f  
C onnections to  th e  o p en -sea  la y  to  t h e  n o r th -w e s t b u t a ls o  th e  
e a s te r n  r id g e  was b reached  and th e  u p p e r S ta irw ay  "Amadeus B asin"  
was connec ted  (p o s s ib ly  a c ro s s  a b ro ad  s h e l f )  to  th e  Tasman 
G eo sy n c lin e . Sedim ent from  th e  r i v e r s  a g a in  reach ed  th e  Amadeus 
B asin  a re a  from th e  t r o p i c a l  a re a s  to  th e  s o u th . N oth ing  i s  known 
about th e  n a tu re  o f th e  u p p er S ta irw ay  m argin o f  s e d im e n ta tio n  
excep t t h a t  i t  was f a r  o u ts id e  th e  l i m i t s  o f th e  p re s e n t-d a y  Amadeus 
B a s in .
D e p o s itio n a l H is to ry
At th e  end o f  Horn V a lley  S i l t s t o n e  s e d im e n ta tio n  a f a i r l y  
m ajor change in  s e d im e n ta tio n  to o k  p la c e  which r e s u l t e d  i n  a la rg e  
body o f c o a rse  r e g r e s s iv e  sands b e in g  d e p o s ite d  ov er th e  d eep e r 
w a te r  sed im en ts  o f th e  Horn V a lley  S i l t s t o n e ,  The a r e a  o f d e p o s i t io n  
o f t h i s  r e g r e s s iv e  body o f  sed im en ts  was much th e  same as th a t  o f 
th e  Horn V alley  S i l t s t o n e  ex cep t f o r  th e  fo rm a tio n  o f  th e  Mount 
C h a r lo t te  embayment. This embayment d id  n o t  however a f f e c t  
s e d im e n ta tio n  and c o n d it io n s  th ro u g h o u t th e  low er S ta irw ay  tim es
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were extremely uniform. The regressive sand body probably 
formed by the gradual sea-ward migration of the high energy 
zone of an epeiric sea (see Chapter 7, Fig.29). The reason 
for the regression is somewhat obscure. It may either be due 
to a relative fall in the level of the sea or to an increase in 
the quantity of sediments being transported into the area.
At the top of the lower Stairway is a pebble band. This pebble 
band though only thin, occurs over thousands of square miles and 
probably represents a relatively important event, as it corresponds 
to the close of the fairly rapid sedimentation of the lower Stairway. 
It may be a reflection of some fairly minor earth movements in 
the area, which did little to alter the shape of the basin, but 
was sufficient to influence the topography and possibly divert 
the previous source of sediments away from the Amadeus Basin so 
that sedimentation continued at a very much slower rate.
The middle Stairway sediments are the product of this slower 
rate of sedimentation, and the depositional environment. Once 
the main body of sand had regressed during lower Stairway times, a 
predominantly tranquil environment was established with the whole 
basin probably covered by the low energy zone of the epeiric sea 
(see Chapter 7, Fig,29), It is apparent that there was a well 
established connection with the open sea to the north-west so 
that phosphate-bearing currents were able to enter the basin and 
form the middle Stairway phosphorites. However to the south-east 
conditions became more saline - particularly at the south-eastern 
end of the Mount Charlotte embayment, Throughout this time 
sedimentation was extremely slow, so that the chemical sediments
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were not "diluted" "by terrigenous material. During middle 
Stairway times it is possible that some form of barrier was 
set up in the Chandler Range - Seymour Range area which further 
restricted circulation to the east and south-east. The ?barrier 
may however merely be the limit of major terrigenous sedimentation. 
The red-beds of the Mount Charlotte embayment are thought to be 
both a reflection on the oxidizing environment of deposition and 
also of lateritic weathering in the source area.
The advent of upper Stairway sedimentation represents a major 
transgression together with a major faunal change. The transgression 
was either in response to a downwarp of the land or a major rise in 
sea level. It is thought that the second possibility is the more 
likely as right up to the close of middle Stairway sedimentation 
there is evidence of fairly major relief along the coast (e.g. 
in the Mount Sunday Range area there is evidence of Ordovician 
cliffs in the order of 100 feet high). This transgression 
produced reworking of the local sedimentary Upper Proterozoic and 
Cambrian rocks. It also profoundly influenced the palaeo- 
geography and resulted in terrigenous epeiric sea sedimentation 
(see Chapter 7, Fig.29), which ultimately produced a very broad 
shallow sea and ushered in the overlying Stokes Formation 
sedimentation.
Summary
During Stairway Sandstone times the Amadeus Basin was situated 
at a palaeolatitude in the order of about 15 N. The major features 
of the three main periods of sedimentation can be summarized as
follows s
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(1) Lower Stairway times
Palaeoclimate: either hot humid tropical or hot dry
desert
Provenances mainly a distant quartz arenite source area 
located to the south, in the zone of tropical 
weathering»
Palaeogeography: connection to the open ocean to the
north-west, with an embayment to the south-east» 
Probably a small land barrier or peninsula to the 
east but the major area of land is to the south-east 
and south.
Depositional History: mainly a regressive sequence in
response to relative lowering of the sea-level or 
an increase in the inflow of terrigenous sediments 
(the second possibility is favoured)» The sand 
body is probably due to the seaward migration of the 
high energy „one of an epeiric sea»
(2) Middle Stairway times
Palaeoclimate: hot dry desert locally, with more humid
climate in the source area»
Provenance: small amount of sediments derived locally,
but some also derived from a distant source undergoing 
lateritic weathering. Provenance mainly sedimentary 
(quartz arenite), but with some igneous plutonic rocks 
in the source area.
Palaeogeography2 as in the lower Stairway but possibly 
even less relief now in the hinterland apart from
-  128 -
the development of a ridge or range which prevented 
the major river (or rivers) reaching the Amadeus Basin,
The harrier between t he Amadeus Basin and the open sea 
to the east is now well developed so that there was little 
or no connection between the two seas®
Depositional History: a shallow sequence with only very
minor terrigenous sedimentation but important chemical 
sedimentation® The Mount Charlotte embayment exerts 
a fairly strong influence on the type of sedimentation.
The overall environment corresponds to the low energy 
zone of an epeiric sea,
(3) Upper Stairway Times
Palaeoclimate: probably hot dry desert locally with a
more humid climate in the source area®
Provenance: predominantly sedimentary (both carbonates and
quartz arenites)
Palaeogeography'• a very much more extensive sea than in 
lower and middle Stairway times, with limits well 
outside those of the present day Amadeus Basin® The 
eastern barrier was breached so that there were connections 
to the open sea to both the north~west and the east® 
Depositional History: fairly major terrigenous sedimentation
with a predominantly transgressive sequence® The sand 
bodies represent landward migration of the high energy
zone of the epeiric sea
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CHAPTER 10
ECONOMIC IMPLICATIONS OF THE SEDIMENT0LOGY OF THE 
STAIRWAY SANDSTONE
General
There are direct economic implications of this sedimentological 
study of the Stairway Sandstone which should he considered. The 
most fundamental application of the study is to the stratigraphy of 
the Stairway Sandstone hut conclusions possibly of some importance 
can also he reached regarding the accumulation of hydrocarbons and 
the phosphate potential of the area.
Stratigraphy
As more wells are drilled for oil and gas, it will become 
increasingly important to subdivide the Stairway Sandstone and to 
know exactly the position of a horizon within the formation. The 
present work has shown that the informal sub-division of the 
Stairway Sandstone into lower, middle and upper is valid\ the three 
units can be recognized over a considerable area of basin and could 
be accorded formation status. Generalized indications of this 
three-fold division are:-
(i) Coarse grained sands are generally restricted to the 
lower Stairway.
(ii) Rounding is very much better in the lower Stairway than in 
the middle or upper.
(iii) A predominance of lutites with phosphorites or carbonates 
or "red-beds" is characteristic of the middle Stairway.
(iv) The fossils of the lower and middle Stairway are of early 
Larapintan age whilst those of the upper Stairway are of
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late Larapintan age.
In order to establish even finer stratigraphic control 
within the Stairway Sandstone, marker horizons must be 
recognized. Fossil marker horizons would be the most satisfactory 
type but present palaeontological data suggests that fossils will 
be unable (for some considerable time at least) to provide marker 
horizons. Therefore it is going to be necessary to use physical 
stratigraphic criteria«,
The petrology of the arenites could be of major importance 
in this regard. It is suggested the following are likely tobe 
of value:
(a) Composite quartz and metaquartzite are most abundant in a 
thin band at the top of the lower Stairway (Spec APl/648/6, 
Table appendix). This band is also characterized by 
pebbles.
(b) Chert grains are most abundant in the interval 130-160 
feet in API with a particularly rich band at 135* (Spec 
APl/118/36 - Table 1, appendix).
(c) The sub-arkose class of arenite is probably of restricted 
range within the upper Stairway (the interval 130* - 150* 
in APl).
(d) A glauconite-rich band (Spec.APl/754/6 - Table 1, appendix)
is thought to occur only near the middle of the lower Stairway.
(e) Coarse ooliths of pyrite within a coarse grained sandstone 
are restricted to a single horizon near the base of the 
lower Stairway.
(f) Phosphorites may be of value as marker horizons. As can
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be seen  from  F i g .25 , th e r e  a re  f o u r  main c o n c e n tra t io n s  of 
p h o sp h a tic  m a te r ia l  i n  API -  480* -  460 * 5 360* -  340* |
220 ' -  250’ ; 1001 - 8 0 ’ . I t  i s  n o t known w h eth er th e se
same c o n c e n tra t io n s  a ls o  o ccu r i n  o th e r  S ta irw ay  S andstone 
s e c t io n s ,  b u t i t  i s  su g g es ted  t h a t  some o f  them would»
These h o riz o n s  may be o f e s p e c ia l  v a lu e  i n  s u b su r fa c e  work 
i f  gamma-ray lo g s  a re  ru n , as th e r e  a r e  l i k e l y  to  be m ajo r 
peaks a t  th e  maximum p h o sp h a te  c o n c e n tra tio n s »
(g) Heavy m in e ra ls  have been  e x te n s iv e ly  u sed  i n  many o th e r  
fo rm a tio n s  f o r  c o r r e l a t i o n  purposes»  The p re s e n t  s tu d y  
has shown th a t  norm al heavy m in e ra l coun ts  ( p a r t i c u l a r l y  
to u rm a lin e :z i r c o n  r a t i o s )  a r e  o f l im i te d  v a lu e  f o r  c o r r e l a t i o n  
p u rposes w ith in  th e  S ta irw ay  S an d sto n e , a l th o u g h  i t  may be 
p o s s ib le  to  d ec id e  w h eth er f o r  in s ta n c e  th e  lo w er S ta irw ay  
i s  m iss in g  by lo o k in g  a t  th e  sh ap e  o f th e  cu rve as a  w hole. 
A lso i t  i s  su g g es ted  th a t  by c o n s id e r in g  on ly  th e  to u rm a lin e  
ty p e s  o r  on ly  th e  z irc o n  ty p e s ,  d e t a i l e d  c o r r e l a t i o n s  would 
be p o s s ib le .  T h is would r e q u i r e  a c a r e fu l  s tu d y  o f c o lo u r , 
shape and in c lu s io n s  , as ad v o ca ted  by K rynine (1 9 4 6 )» The 
to u rm a lin e  group would p erhaps be th e  b e s t  to  u se  as i t  has 
a g re a t  number o f fo im s i n  th e  S ta irw ay  Sandstone» However, 
z irc o n  may a l s o  b e  of va lue?  th e r e  i s  f o r  in s ta n c e  one 
h o r iz o n  in  th e  m idd le o f th e  fo rm a tio n  (s e e  F ig»7) w hich 
has a c h a r a c t e r i s t i c  com bination  o f ex trem ely  w e ll rounded  
z irc o n  g ra in s  w ith  w e ll developed  euhedra.1 z i r z o n  g r a in s  
-  t h i s  may w e ll be a  u s e f u l  m arker ho rizon»
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Hydrocarbon Prospects in the Stairway Sandstone
The Stairway Sandstone has already produced significant 
quantities of natural gas in the Mereenie wells (Exoil et»al«) 
and in the Palm Valley No.l well (Magellan et0alo)o In addition, 
nine feet of oil saturated sands were penetrated in the lower 
Stairway of API and fluorescence was fairly common throughout 
the lower Stairway«, One of the major obstacles to oil and 
gas accumulations is the very low permeabilities in the 
sandstones due to si1icification» Unfortunately, this study
is unable to contribute very much to this question although the 
author favours a pressure solution due to overburden or 
tectonism for the origin for the silica cement» If this is so 
then the Stairway Sandstone is likely to have low permeabilities 
throughout the basin although they may increase to the south 
where the effects of the Alice Springs Orogeny were less marked 
and the overburden of Pertnjara Formation and Mereenie Sandstone 
very much less. Hydrocarbon accumulations might be found in 
areas adjacent to faults, or other structurally disturbed areas 
although the work of Heald (1956) would not support this«,
Discussion of this type of trap is outside the scope of this study.
If, as has been suggested earlier, the isoset and iso-angle 
maps delineate high and low energy areas (see Fig»18) then an 
attempt should be made to define the high energy zones more 
accurately for in such zones, winnowing is likely to produce 
the highest intergranular porosities and the best potential 
reservoir rocks. Also if high phosphorite concentrations 
are found these are also probably the zones of maximum winnowing
-  133 -
and g r e a t e s t  i n t e r g r a n u la r  p o r o s i t i e s .
O v e ra ll ,  th e  S ta irw a y  Sandstone o f f e r s  good pe tro leu m  
p ro s p e c ts  (p ro v id in g  the  p e rm e a b il i ty  i s  s u f f i c i e n t )  f o r  th e  
u n d e r ly in g  Horn V a lley  S i l t s t o n e  would appear to  he an e x c e l le n t  
so u rce  rock  w h ils t  p h o sp h a tic  s h a le s  (o f  th e  m iddle S ta irw ay ) 
ran k  a s  an e x c e p t io n a l ly  good so u rc e  ro ck  (Cheyney and S heldon , 
1959 ). Both th e  lo w er and u pper S ta irw ay  c o n ta in  known r e s e r v o i r  
rocks and bo th  have an  e x c e l le n t  capping -  th e  low er S ta irw ay  has 
th e  im perm eable l u t i t e s  of th e  m idd le  S ta irw ay  capp ing  i t  and 
th e  u p p e r S ta irw ay  h a s  th e  im perm eable l u t i t e s  of th e  S tokes 
F o rm ation  as  a cap ro c k .
I n  c o n s id e r in g  th e  p o s s i b i l i t y  of s t r a t i g r a p h ic  t r a p s  th e  
most o u ts ta n d in g  exam ple b rough t ou t by t h i s  s tu d y  i s  th e  p in c h -  
ou t o f  th e  low er S ta irw ay  in  the  v i c i n i t y  o f th e  Seymour Range.
I n  t h i s  same a rea  i n  th e  m idd le  S ta irw a y , th e r e  i s  a l s o  i n t e r ­
f in g e r in g  o f c a rb o n a te  le n s e s  w ith  th e  " red -b ed "  f a c i e s  o f th e  
Mount C h a r lo t te  embayment so t h a t  any eastw ard  m ig ra tio n  o f  o i l  
from  th e  p h o sp h a tic  s h a le s  s ta n d s  an e x c e l le n t  chance of b e in g  
tra p p e d  w ith in  th e  c a rb o n a te  f a c i e s .
A b e l t  of s t r a t i g r a p h i c  th in n in g  i s  p o s tu la te d  to  ru n  from 
th e  Seymour Range to  th e  C handler Range and th e n  th rough  th e  James 
Range a re a  (F ig ,1 4 A ). The b e l t  i s  a  zone where s t r a t i g r a p h i c  
p in c h -o u ts  a re  ex tre m e ly  l i k e l y .  T h e re fo re  th e  w est s id e  o f  t h i s  
zone i s  an a re a  where hy d ro carb o n s m ig ra tin g  from  th e  p h o sp h a tic  
s h a le s  o f th e  m iddle S ta irw ay  a r e  l i k e l y  to  have accu m u la ted .
The e a s t  s id e  o f t h i s  zone i s  u n l ik e ly  to  have v e ry  much p o te n t i a l  
as  i t  i s  on th e  " red -b ed "  s id e .  S im i la r ly ,  th e  whole o f  th e
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Mount Charlotte emhayment should he considered as a low priority 
area in the oil search.
The lithofacies map highlights the area of minimum sand: 
shale ratio. Such an area would have the largest amount of 
potential source rock and the smallest amount of potential 
reservoir rock, so that the maximum hydrocarbon concentrations 
should accumulate here. In addition, on its eastern side, the 
sand:shale ratio minimum abuts against the postulated zone of 
thinning so that here should be the best possible area for oil 
and gas accumulation in stratigraphic traps.
Phosphate Deposits
It is estimated that there are about 2,7 x 10^ tons of
11apatite (equivalent to 1.2 x 10 tons of P^O^) in the preserved 
Stairway Sandstone, i.e. about 8 million tons of P 0 to the squareO
mile. The phosphatic sediments underlie an area of about 15,000
square miles but most of this is covered by considerable thicknesses
of sediments. There is probably about 500 square miles of phosphatic
sediment cropping out (Fig,2) and approximately the same area with
an overburden of less than 100 feet. Therefore only 1,000 square
miles (maximum) may be regarded as being underlain by Stairway
Sandstone at potentially workable depths. This means that there
, 9 nare somewhere in the order of 8 billion *8 x 10 ) tons of Pg0,_ 
either outcropping or close to the surface.
Such a large figure should not however give rise to undue 
optimism for in fact much of this P 0 is widely disseminated
(Cj o
throughout the Stairway Sandstone and is of no economic potential 
whatsoever. The only hope of finding economic phos phate deposits
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lies in being able to locate concentrations. Recent work by 
the Geophysical Branch of the Bureau of Mineral Resources has 
shown that there is a good correlation between areas of known 
phosphorite occurrences (such as Johnny Creek) and radiometric 
anomalies, so that any radiometric anomalies within the basin 
should be clearly examined. However,mdiometric surveys are 
of limited application only, because they have only a shallow 
depth of penetration and even a few feet of sand cover can be 
sufficient to mask quite large bed°rock radiometric anomalies. 
Therefore the only reliable method at present available for 
finding sub-surface phosphorites is by drilling.
It has already been shown that winnowing has apparently 
been of major importance in the enrichment of phosphorites, 
therefore any drilling activities should be concentrated in 
areas where winnowing is most likely to have occurred. As 
mentioned earlier, such a thinning apparently takes place 
along a line through the Seymour, Chandler and James Ranges 
(Fig.l4A). However, the present evidence suggests that this 
zone served only to limit the eastern extension of the phosphate­
bearing seas and was not a zone of phosphate concentration. If 
it can be proved (by for instance geophysical work) that there 
were sub-marine topographic highs in Stairway Sandstone times, 
then such areas would warrant close examination for winnowing 
would produce phosphatic enrichment on the tops of such highs. 
Thinning of the Stairway Sandstone occurs towards the southern 
margin of the basin but here the question of whether the area 
has phosphatic potential Is hampered by lack of good
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palaeontological control. The only division of the Stairway Sandstone 
at present possible is into Early and Late Larapintan (J»G.Tomlinson, 
pers.comm.) Even this one boundary is imperfectly known in the 
south and poor outcrops limit rock unit mapping. The present 
sparse palaeontological data suggests that only the late Larapintan 
(equivalent to the Upper Stairway Sandstone rock unit) is present 
in the southern parts of the basin which would mean that this 
area has little phosphate potential. However, if this southern 
sequence represents a condensed sequence of Early and Late 
Larapintan or if the lower, middle and upper Stairway rock units 
are diachronous, then the southern margin could be of considerable 
economic importance. The results of drilling at AP4 suggest that 
the second picture may be correct, for Barrie (1964) reports that 
the phosphatic enrichment in AP4 was better than in any of the 
other three diamond drill holes. The high energy zones postulated 
from the isoset and iso-angle maps may also give an indication of 
where winnowing is likely to have occurred.
In addition to phosphorites which may have been enriched by 
winnowing, the possibility of finding rich primary phosphorites 
which have not been "diluted" by terrigenous material must be 
considered. Fig.16 shows that the eastern half of the basin has 
poor phosphate prospects as the sediments are of the red-bed or 
carbonate facies. The palaeocurrent directions flow £rom south­
east to north-west across the basin, therefore the area of least 
terrigenous sedimentation would be to the north-west. The best 
phosphatic areas to the north-west may have been situated in the 
region which suffered strong deformation during the Alice Springs
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orogeny and subsequent erosion so that there is now no trace 
of the high grade phosphorites. Alternatively, theoptimum 
area may have been situated even further to the north-west, in 
the Canning or Fitzroy Basins» A closer look at the Stairway 
Sandstone equivalents of the Ordovician of these basins could 
well bring good grade phosphorites to light. The Upper Cambrian 
and Lower Ordovician of these basins should not be neglected in 
the search as the phosphate-bearing seas may have been strongly 
diachronous - this is supported by the occurrence of pelletal 
phosphorites identical in form to those of the Stairway Sandstone 
in the Lower Ordovician of an area several hundred miles north of 
the Amadeus Basin (R.A.H,Nichols, pers«comm.)
The scope of this study did not touch on the question of 
secondary enrichment of phosphorites apart from noting the 
presence of secondary phosphatic minerals in some of the thin- 
sections. Also in the Johnny Creek area the author has observed 
quaternary gravels composed almost entirely of phosphatic pellets 
and nodules* Therefore s econdary concentrations may constitute 
important potential sources of phosphate but little is known 
about them at the present time*
Summary
This sedimentological study is of stratigraphic importance in 
showing the validity of the three-fold division of the Stairway 
Sandstone and in suggesting that seven different mineralogical 
criteria may have considerable potential as marker horizons.
These include quartz types, a sub-arkose horizon, a glauconite 
band, a band of pyrite ooiiths, phosphorite concentrations (and 
also gamma-logs) and tourmaline and zircon types (though not the
- 138 „
conventional heavy mineral count).
In spite of the problem of fairly low permeabilities, the 
Stairway Sandstone is believed to be an excellent hydrocarbon 
prospect with source rocks, reservoir rocks and caprocks, all in 
juxta-position. In addition, it is possible to single out the 
Seymour Range area, the west side of the Seymour Range - Chandler 
Range - James Range zone of thinning and the east side of the 
sand:shale ratio minimum as areas warranting particular attention. 
High energy zones as delineated by the isoset and iso»angle maps 
and areas of phosphate concentration are likely to be regions of
winnowing where intergranular porosity is likely to be a maximum.
9It is estimated that there are 8 x 10 tons of P^CL within2 5
potentially workable distances from the surface - however much of 
this is probably widely disseminated throughout the foimation and 
therefore of little economic potential. It is postulated that 
within the Amadeus Basin the greatest phosphate concentrations 
are likely to occur in areas of maximum winnowing, which in many 
cases will correspond to areas of thinning - possibly the Seymour- 
Chandler line or the southern margin of the basin or the high 
energy areas postulated from the isoset maps. In addition, rich 
primary phosphorites may lie to the north-west away from the 
sediment-bearing currents - this area may be outside the present- 
day limits of the Amadeus Basin.
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